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1 . 1      Geologic  Program 


Activity  occurring  under  the  geologic  program  during  the 
quarterly  reporting  period  (September,  October  and  November 
1976)  related  to  laboratory  analyses  being  conducted  by  the 
United  States  Geological  Survey  (USGS)  on  samples  split  from 
1,116  feet  of  core  from  the  G-S  7  corehole.  Other  tasks  under 
the  geologic  program  have  been  completed. 

During  September  1976,  the  USGS  began  laboratory  analysis  on 
1,116  feet  of  G-S  7  core  samples.  The  analysis  will  include 
quantitative  analysis  of  the  seven  trace  elements  in  the  Rio 
Blanco  program  (antimony,  arsenic,  boron,  cadmium,  fluorine, 
mercury,  and  selenium)  as  well  as  two  others,  vanadium  and 
molybdenum.  The  composite  sample  intervals  being  analyzed  by 
the  USGS  are  identical  to  those  analyzed  earlier  for  RBOSP  by 
Core  Lab  to  allow  direct  comparison  of  the  USGS  analyses  with 
the  earlier  Core  Lab  results.  Rio  Blanco  is  retaining  a  split 
of  the  USGS-prepared  composite  samples.  In  the  event  that 
discrepancies  exist  between  the  Core  Lab  and  USGS  analyses 
Rio  Blanco  may  elect  to  run  additional  analyses  on  the  USGS- 
prepared  composites  in  order  to  determine  the  causes  of  such 
discrepancies.  As  of  the  end  of  the  quarterly  reporting 
period  the  trace  element  analysis  program  was  nearing  completion. 
Final  results  of  the  trace  element  analyses  will  be  submitted 
to  the  AOSS  following  completion. 

Also  during  the  month  of  September  1976  the  USGS  requested 
permission  from  Rio  Blanco  to  run  extractable  alumina  analyses 
on  samples  from  the  G-S  7  core.  Rio  Blanco  approved  the 
request  and  as  of  the  end  of  November  1976,  the  extractable 
alumina  analyses  were  nearly  40%  complete.  The  extractable 
alumina  analyses  are  to  be  run  on  one  to  two  feet  core  increments 
rather  than  composite  interval  samples.  The  results  of  the 
extractable  alumina  analyses  will  be  submitted  to  the  AOSS 
upon  completion. 
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1.2      HYDROLOGIC  PROGRAM 


The  purpose  of  the  surface  and  subsurface  hydrologic  baseline 
program  being  conducted  on  Tract  C-a  for  the  Rio  Blanco  Oil  Shale 
Project  (RBOSP)  is  to  establish  baseline  data.  These  data  in- 
clude: precipitation,  stream  flows  and  quality,  alluvial  aquifer 
monitoring  and  water  quality  analyses,  and  deep  oil  shale  aquifer 
monitoring  and  water  quality  analyses. 

RBOSP  Progress  Report  9  submits  to  the  AOSS  the  hydrologic  data 
gathered  or  received  during  the  period  of  September  through 
November  1976.  This  hydrologic  report  is  submitted  in  two  parts: 
the  Interpretive  Text  and  a  Raw  Data  Volume.  In  the  Interpretive 
Text  Volume  the  text,  tables,  and  figures  are  the  result  of  the 
data  gathering  program.  The  Raw  Data  Volume  contains  the  actual 
data,  most  of  which  is  in  a  computer  printout  form. 

The  following  is  a  brief  summary  of  the  previous  Quarterly  Reports: 

•  Progress  Report  2  -  Contains  data  from  the  drilling 
program; 

•  Progress  Report  3  -  Contains  data  obtained  during  the 
formal  pumping  tests; 

•  Progress  Report  4  -  Contains  a  detailed  hydrologic 
evaluation  of  the  data  available  through  October  15,  1975; 

t  Progress  Report  5  -  Summarizes  the  annual  hydrologic 

data  for  water  year  1975; 
t  Progress  Report  6  -  Contains  data  and  the  interpretation  for 

the  sixth  quarterly  period,  December  through  February  1976; 
o  Progress  Report  7  -  Contains  data  and  the  interpretation 

for  the  seventh  quarterly  period,  March  through  May  1976; 
t  Progress  Report  8  -  Contains  data  and  the  interpretation 

for  the  eighth  quarterly  period,  June  through  August  1976. 

The  hydrologic  program  began  in  the  spring  of  1974.  These  data 
have  been  used  in  both  environmental  and  engineering  studies. 
Analyses  of  the  water  quality  data  to  date  indicate  that  the  water 
will  be  of  sufficient  quality  to  be  used  in  mining  and  processing 
related  to  oil  shale  development. 
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1.2.1     SURFACE  WATER  MONITORING  STATIONS 

RBOSP  has  contracted  with  the  Colorado  River  Water  Conservation 
District  to  have  the  Water  Resources  Division  of  the  USGS  con- 
struct and  monitor  a  total  of  eleven  stream  gaging  stations  and 
six  rain  gaging  stations  on  or  near  Tract  C-a.  RBOSP  Progress 
Reports  2,  3,  and  5  described  the  operation  of  these  monitoring 
stations.  Of  the  eleven  stream  gaging  stations,  seven  monitor 
all  significant  drainages  associated  with  Tract  C-a,  while  the 
remaining  four  stations  monitor  stream  flow  associated  with  the 
proposed  processed  shale  disposal  site  on  84  Mesa.  The  three 
storage  type  rain  gaging  stations  are  located  on  Dry  Fork,  on 
Box  Elder  Gulch,  and  on  Corral  Gulch  near  the  west  line  of  Tract 
C-a.  Rainfall  intensity  and  recording-type  rain  gaging  stations 
are  located  near  the  drainage  divide  of  Cathedral  Bluffs,  on 
Stake  Springs  Draw  near  the  confluence  with  Corral  Gulch,  and 
on  Yellow  Creek  near  White  River,  Colorado. 

Table  1.2-1  gives  the  USGS  identification  numbers  and  locations  of 

the  eleven  stream  gaging  stations  and  the  six  rain  gaging  stations. 

Table  1.2-2  shows  the  data  collection  schedule  for  stream  gaging 
stations. 


TABLE  1.2-1 

LOCATION  AND  USGS  IDENTIFICATION  NUMBERS 
FOR  STREAM  AND  RAIN  GAGING  STATIONS 


USGS 
Identification 
Number 

09306237 
09306235 
09306240 
09306242 
09306230 

09306255 
09306241 
09306248 
09306250 
09306246 
09306244 


LOCATION 


Dry  Fork  near  west  line  Tract  C-a 
Corral  Gulch  near  west  line  Tract  C-a 
Box  Elder  Gulch  near  west  line  Tract  C-a 
Corral  Gulch  east  of  Tract  C-a 
Stake  Springs  Draw  near  confluence  with  Corral 
Gulch 
Yellow  Creek  near  White  River,  Colorado 
Rinky  Dink  Gulch  near  east  line  Tract  C-a 
Upper  Big  Duck  Creek  north  of  84  Mesa 
Lower  Big  Duck  Creek  north  of  84  Mesa 
Tributary  to  Yellow  Creek  east  of  84  Mesa 
Corral  Gulch  south  of  84  Mesa  (near  84  Ranch) 


09306235 
09306237 
09306240 


STORAGE-TYPE  RAIN  GAGES 


Corral  Gulch  near  west  line  Tract  C-a 

Dry  Fork  near  west  line  Tract  C-a 

Box  Elder  Gulch  near  west  line  Tract  C-a 


09306230 

09306255 
No  number 


RAINFALL  INTENSITY  AND  RECORDING  RAIN  GAGES 

Stake  Springs  Draw  near  confluence  with  Corral 

Gulch 

Yellow  Creek  near  White  River,  Colorado 
Cathedral  Bluffs  located  in  NW%,  NW%,  Sec. 14 

T2S,  R100W 


C 


TABLE  1.2-2 
DATA  COLLECTION  SCHEDULE  FOR  STREAM  GAGING  STATIONS 


Continuously  or  Automatically 

Flow  Rate 

Sediment  Discharge 
Temperature 
Specific  Conductance 

Periodically 

Storage  Rain  Gages 
Recording  Rain  Gages 
Rainfall  Intensity  Gages 

Monthly 

Water  Samples  Analyzed  For: 

Alkalinity 
Biological   Oxygen 

Demand 
Dissolved  Organic 

Carbon 
Boron 
Calcium 
Conductance 
Fluoride 
Magnesium 
Potassium 
Silica 
Sodium 


Sulfate 

Ammonia 

Bicarbonate 

Carbonate 

Chloride 

Color 

Dissolved  Solids 

Kjeldahl  Nitrogen 

Nitrate  plus  Nitrite 

Odor 

Dissolved  Phosphate 

Turbidity 

Dissolved  Oxygen 


PH 

Temperature 
Total  Phosphate 
Ortho  Phosphate 
Suspended  Organic 
Carbon 


Quarterly 

Sample  and  Analyze: 

COD 

Fecal  Col i form 

Total  Col i form 

Bromide 

Cyanide 

MBAS 

Oil  &  Grease 

Phenols 

Sulfide 


Radioactivity 

Ba 

Cd 

Gross  Alpha 

Be 

:   Cr 

if  >  4  pci/1 

Ge 

Cu 

then  Ra226, 

Ga 

Fe 

Natural  Uranium 

Ni 

Pb 

Gross  Beta 

Ti 

Li 

if  >100  pci/1 

V 

Mn 

then  Sr90 

Zr 

Mo 

Ce137, 

Al 

Hg 

As 

Se 
Sr 
Zn 

•' 


-' 


1.2.2     SURFACE  WATER  DATA  COLLECTION 

This  progress  report  is  intended  to  cover  the  reporting  period 
September  through  November.  A  lag  time  in  USGS  data  processing 
does  not  allow  data  presented  in  each  progress  report  to  cover 
the  entire  reporting  period.  The  period  of  time  covered  by  each 
set  of  surface  water  data  will  also  vary  because  of  variability 
in  USGS  data  processing  time.  The  surface  water  data  presented 
in  this  report  are  from  new  data  made  available  since  the  last 
progress  report. 

Continuous  surface  flow  data,  continuous  temperature  data,  and 
continuous  conductivity  data  are  complete  up  to  the  end  of  water 
year  1976.  Water  quality  data  for  stream  gaging  stations 
were  available  to  September  1976.  Precipitation  data  for 
storage-type  rain  gages  were  available  through  November  1976. 
Precipitation  data  for  recording  rain  gages  were  available  to 
2  October  1976.  RBOSP  has  received  stream  sediment  data  for  the 
water  year  1976,  but  the  data  will  not  be  presented  until  further 
analysis,  at  the  request  of  the  USGS. 

Of  the  eleven  stream  gaging  stations,  seven  stations  did  not  record 
measurable  discharge  this  reporting  period.  These  seven  stations 
are  located  on  Dry  Fork  near  west  line  Tract  C-a,  Box  Elder  Gulch 
near  west  line  Tract  C-a,  Stake  Springs  Draw  near  the  confluence 
with  Corral  Gulch,  "Rinky  Dink"Gulch  near  east  line  Tract  C-a,  upper 
Big  Duck  Creek  north  of  84  Mesa,  lower  Big  Duck  Creek  north  of  84 
Mesa,  and  the  tributary  to  Yellow  Creek  east  of  84  Mesa.  *  Continuous 
flow  for  the  reporting  period  was  measured  at  Corral  Gulch  near 
west  line  Tract  C-a,  Corral  Gulch  east  of  Tract  C-a,  Yellow  Creek 
near  White  River,  Colorado,  and  Corral  Gulch  south  of  84  Mesa. 
Figures  1.2-2  through  1 .2-11  show  the  mean  continuous  discharge  of 
the  ten  (excluding  Dry  Fork  Station)  surface  water  gaging  stations. 


The  stream  gaging  station  on  Corral  Gulch  near  west  line  Tract 
C-a  reported  flow  during  the  reporting  period  21  July  to  30 
September.  The  USGS  has  revised  the  previously  reported  data 
for  this  location  for  the  period  20  June  to  20  July.  These 
revisions  do  not  make  any  significant  changes  in  previous  re- 
porting. The  flow  between  20  June  to  31  September  had  a  low  ■". 
flow  of  .08  cfs  at  the  beginning  of  the  period  and  then  rose 
to  .22  cfs  on  25  July.  Flow  then  fluctutated  between  ,18  cfs 
and  .26  cfs  through  September.  The  flow  pattern  is  comparable 
to  the  same  period  in  1975. 

The  Corral  Gulch  station  east  of  Tract  C-a  was  reported  by  the 
USGS  to  have  measurable  flow  through  out  water  year   1976,  The 
pattern  of  flow  for  this  reported  period,  20  July  through  31 
September,  is  similar  to  that  for  1975  as  the  flow  has  a  gradual 
decrease  from  a  peak  of  1.0  cfs  at  the  beginning  of  the  period 
to  a  low  flow  of  .29  cfs  at  the  end  of  September, 

Flow  at  Corral  Gulch  south  of  84  Mesa  remained  very  low  through- 
out the  reporting  period  20  July  through  31  September,  The 
highest  flow  was  .11  cfs  recorded  in  August.  The  flow  remained 
at  .01  cfs  from  6  August  through  31  September, 

Yellow  Creek  near  White  River,  Colorado,  station  recorded  flow 
during  the  entire  water  year  1976.  The  flow  during  the  report- 
ing period  11  August  through  31  September  was  generally  stable, 
usually  ranging  between  .50  cfs  and  ,70  cfs,  A  peak  flow  of 
1.0  cfs  was  recorded  at  the  beginning  of  the  period.  A  low  flow 
of  .45  occurred  on  4  September.  The  low  flow  during  this  period 
is  similar  to  the  lower  flow  patterns  that  occurred  during  the 
same  periods  in  water  years  1974  and  1975. 

Tables  1.2-3  through  1.2-12  show  concentrations  of  the  chemical 
constituents  from  surface  stream  gaging  sites  as  reported  by  the 
USGS.  These  data  are  preliminary  and  subject  to  correction  and 
revision. 


The  analyses  were  made  using  both  wet  chemical  and  spectrographs 
methods.   In  some  cases,  the  minimum  detectable  values  vary  due 
to  either  increased  sensitivity  of  the  test  or  because  of  the  com- 
parative nature  of  spectrographs  analysis. 

New  chemical  analyses  have  been  reported  for  the  stations  Corral 
Gulch  near  west  line  Tract  C-a,  Box  Elder  Gulch  near  west  line 
Tract  C-a,  Corral  Gulch  east  of  Tract  C-a,  Corral  Gulch  south  of 
84  Mesa,  and  Yellow  Creek  near  White  River,  Colorado.  Because  of 
no  flow,  new  water  quality  data  have  not  been  reported  for  the 
stations  Dry  Fork  near  west  line  Tract  C-a,  Stake  Springs  Draw 
near  confluence  with  Corral  Gulch,  "Rinky  Dink"  Gulch  near  east 
line  Tract  C-a,  upper  Big  Duck  Creek  north  of  84  Mesa,  lower  Big 
Duck  Creek  north  of  84  Mesa,  and  the  tributary  to  Yellow  Creek 
east  of  84  Mesa. 

New  water  quality  data  for  Corral  Gulch  near  west  line  Tract 
C-a  has  been  reported  for  19  August  and  15  September.  The 
values  are  similar  to  those  previously  reported  for  Corral 
Gulch  west  of  Tract  C-a,  and  are  close  to  the  year's  average  for 
this  gaging  station;  i.e,  dissolved  solids,  August  -  730  mg/1 , 
July  -  761  mg/1,  year's  average  732  mg/1;  alkalinity,  August  - 
317  mg/1,  July  -  331  mg/1 ,  year's  average  305  mg/1;  bicarbonate, 
July  -  387  mg/1,  August  -  404  mg/1,  year's  average  371  mg/1. 

Additional  constituent  values  have  been  reported  for  the  24  June 
sampling  at  the  Box  Elder  Gulch  near  west  line  Tract  C-a  stream 
gaging  station.  The  new  values  are  near  previously  reported  values 
for  this  location;  however,  values  reported  for  18  March  are  slightly 
lower  than  the. samples  25  May  and  24  June.  These  low  values  result 
from  taking  the  sample  during  an  early  season  isolated  thaw  period. 
The  other  samples  were  taken  later  during  the  main  snowmelt  event. 

Flow  at  the  Box  Elder  can  be  distinguished  from  the  other  locations 
by  several  levels:  bicarbonate,  specific  conductance,  total  dis- 
solved solids, and  magnesium.   For  example,  specific  conductance  of 


flow  at  Box  Elder  Gulch  near  west  line  Tract  C-a  (year's  average 
667  wmhos/cm)  is  comparatively  lower  than  flow  at  four  stations 
(Corral  Gulch  near  west  line  Tract  C-a,  Corral  Gulch  east  of  Tract 
C-a,  Corral  Gulch  south  of  84  Mesa,  Yellow  Creek  near  White  River, 
Colorado),  where  year  averages  range  from  1058  wmhos  to  3677  wmhos/cm. 
It  is  comparatively  higher  than  flow  at  another  four  stations  ("Rinky 
Dink"  near  west  line  Tract  C-a, Stakes  Springs  Draw  near  confluence 
with  Corral  Gulch,  tributary  to  Yellow  Creek  east  of  84  Mesa,  Upper 
Big  Duck  Creek  north  of  84  Mesa,  and  Lower  Big  Duck  north  if  84 
Mesa),  where  year's  averages  range  from  175  umhos/cm  to  450  umhos/cm. 

Corral  Gulch  east  of  Tract  C-a  reports  additional  data  for  25  June 
and  new  data  for  19  August  and  16  September.  These  samples  show 
a  lower  value  for  molybdenum  and  higher  value  for  nitrate  plus  nitrite 
in  comparison  to  other  samples  during  1976.  Values  for  the  other 
constituents  generally  conform  with  values  previously  reported  for 
this  location;  i.e.,  reported  values  for  19  August  and  16  September 
were:  alkalinity  377  mg/1  and  373  mg/1  (year's  average  373  mg/1); 
bicarbonate  460  mg/1  and  455  mg/1  (year's  average  456  mg/1);  and  dis- 
solved solids  772  mg/1  and  771  mg/1  (year's  average  793  mg/1). 

Corral  Gulch  south  of  84  Mesa  reports  additional  data  for  26  June, 
and  new  data  for  22  July,  20  August,  and  16  September.  The  data 
are  generally  close  to  the  year's  average;  i.e.,  alkalinity,  July  - 
472  mg/1,  year's  average  489  mg/1;  dissolved  solids,  August  - 
1300  mg/1,  year's  average  1283  mg/1;  sulfate,  September  -  560  mg/1, 
year's  average  551  mg/1.  Constituents  that  show  notable  changes 
from  these  recent  analysis  as  compared  to  other  analysis-curing 
the  year  are  kjeldahl  nitrogen  and  gross  beta.   Compared  to  the 
other  stream  gaging  stations,  with  the  exception  of  Yellow  Creek, 
the  values  are  generally  high.  Average  values  for  calcium  and 
strontium  are  the  highest  of  all  stations. 


* 


New  data  for  Yellow  Creek  near  White  River,  Colorado,  are  presented 
for  the  months  of  July,  August,  and  September.  As  in  the  past, 
many  constituents  show  relatively  high  values  compared  to  stations 
on  or  near  Tract  C-a.  Compared  to  stations  with  more  consistent 
yearly  flows,  a  few  values  are  consistently  low.  These  are  silica, 
and  calcium  with  yearly  averages  of  9.7  mg/1  and  23.0  mg/1  ,  resectively, 
The  values  reported  don't  seem  to  have  increased  significantly  from 
last  quarter.  Decreases  since  the  last  reporting  period  are  noted 
in  hardness,  and  nitrite  plus  nitrate.  Fluctuating  values  occurred 
this  period  in  ammonia,  carbonate,  chloride,  and  kjeldahl  nitrogen. 
Compared  to  smaller  basins,  Yellow  Creek  appears  to  have  higher  con- 
centrations of  all  parameters,  apparently  due  to  greater  groundwater 
discharge  into  Yellow  Creek  which  probably  serves  as  a  regional  drain. 

The  mean  conductivity  is  plotted  on  Figures  1.2-12  through  1.2-17 
for  the  surface  gaging  stations  located  at  Corral  Gulch  east  of 
Tract  C-a,  Box  Elder  Gulch  near  west  line  Tract  C-a,  Corral  Gulch 
south  of  84  Mesa,  and  Yellow  Creek  near  White  River,  Colorado. 
These  are  the  only  five  stations  from  which  the  USGS  reported  mean 
conductivities.  Data  are  not  collected  during  the  winter  from  the 
stations  which  have  recorded  only  intermittent  spring  and  summer 
flow.  Should  unusual  flows  be  observed,  the  stations  will  be  re- 
activated. 

Continuous  mean  conductivity  for  Corral  Gulch  near  west  line  Tract 
C-a  is  included  for  water  year  1976.  Table  1.2-12  shows  the  con- 
tinuous mean  conductivity  for  water  year  1976, and  Table  1.2-13 
shows  the  beginnging  of  water  year  1977  for  the  Corral  Gulch  near 
west  line  Tract  C-a  location.  New  or  revised  data  begins  21  June 
1976  and  continues  to  29  October.  There  was  an  instrument  malfunc- 
tion from  20  July  to  8  August.  Conductivity  during  the  remaining 
reporting  period  was  generally  stable  with  a  mean  value  of  1005 
umhos/cm. 
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Limited  continuous  specific  conductance  due  to  limited  flow  was 
available  for  Box  Elder  Gulch  near  west  line  Tract  C-a.  There 
is  an  insufficient  amount  of  data  available  to  make  an  analysis 
of  the  station.  The  data  available  are  reported  in  the  raw  data 
section  of  this  report.  The  new  continuous  mean  conductivity 

The  new  continuous  mean  conductivity  data  for  Corral  Gulch  east 
of  Tract  C-a  are  available  from  1  August  to  5  November.  Continuous 
mean  conductivity  generally  remained  in  a  range  of  1000  umhos/cm 
to  1400  umhos/cm  through  12  October.  Values  then  dropped  to  a 
range  of  800  to  700.  The  mean  value  over  the  reported  period  is 
1100  umhos/cm. 

The  new  mean  continuous  conductivity  data  for  Corral  Gulch  south 
of  84  Mesa  begins  1  August  and  continues  to  27  September.  Table 
1.2-16  is  a  plot  of  continuous  mean  conductivity  for  water  year 
1976  for  Corral  Gulch  south  of  84  Mesa.  Continuous  mean  conduc- 
tivity is  stable  during  August  with  an  average  of  1750  umhos/cm. 
At  the  end  of  August,  a  rise  in  mean  conductivity  occurs  which 
then  leads  into  a  wide  fluctuation  of  conductivity  through  the 
first  half  of  September.  In  the  second  half  of  September,  values 
then  stabilize  and  average  around  1775  umhos/cm.  Over  the  entire 
reporting  period,  the  mean  value  is  1760  umhos/cm. 

The  continuous  mean  conductivity  values  are  available  beginning 
in  late  May  and  run  through  September  for  the  Yellow  Creek  gag- 
ing station  near  White  River.  These  data  are  not  complete  since 
several  time  periods  still  have  missing  data.  Data  that-  have 
been  previously  reported  for  the  time  period  of  late  July  to 
mid-August  have  been  revised.  Figure  1.2-17  is  a  plot  of  the 
continuous  mean  conductivity.  From  the  data  available,  widely 
fluctuating  values  can  be  seen  over  this  period.  The  average 
mean  value  is  4050  umhos/cm. 
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The  mean  temperature  data  collected  for  four  of  the  perennial 
stream  gaging  stations  (Corral  Gulch  near  west  line  Tract  C-a, 
Corral  Gulch  east  of  Tract  C-a,  Corral  Gulch  south  of  84  Mesa, 
and  Yellow  Creek  near  White  River,  Colorado)  are  shown  on 
Figures  1.2-18  through  1.2-23.  The  general  mean  temperature 
shows  a  seasonal  cooling  trend  as  temperatures  drop  from  the 
mid-summer  high  temperatures. 

The  mean  temperature  for  Corral  Gulch  west  of  Tract  C-a  is 
shown  in  Figure  1.2-18  and  Figure  1.2-19.  No  values  for  mean 
temperature  are  given  from  6  September  of  15  September  due  to 
instrument  malfunction.  The  values  show  that  the  temperature 
fell  sharply  from  the  highs  at  the  beginning  of  June,  then  rose 
to  normal  levels  again  but  began  to  cool  into  the  end  of  October, 
It  should  be  noted  that  these  data  are  preliminary. 

Corral  Gulch  east  of  Tract  C-a  has  new  temperature  data  begin- 
ning 20  July  and  running  to  5  November.  The  temperature  fol- 
lowed the  general  trend  of  a  high  of  16.3°  C.  on  31  July  and 
then  gradually  dropped  to  4°  C.  in  November. 

New  temperature  data  for  the  Yellow  Creek  near  White  River, 
Colorado,  station  is  available  in  part  from  26  May  to  23 
September.  The  data  show  a  drop  from  a  high  on  31  July  to  a 
low  on  15  September  and  then  a  slight  rise  in  temperature  toward 
the  end  of  the  reporting  period. 

Temperature  data  for  this  reporting  period  for  Corral  Gulch 
south  of  84  Mesa  are  presented  on  Figure  1.2-22.  Temperatures 
declined  to  10°  C.  in  late  September  after  reaching  a  high  of 
16°  C.  during  August.  No  data  could  be  reported  from  21  July 
through  3  August  because  of  instrument  malfunction. 

Instantaneous  boron  and  fluoride  analyses  are  shown  of  Figure 
1.2-24  through  1.2-27  for  stations:  Box  Elder  Gulch  near  west 
line  Tract  C-a,  Corral  Gulch  near  west  line  Tract  C-a,  Corral 
Gulch  east  of  Tract  C-a,  Corral  Gulch  south  of  84  Mesa,  and 
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Yellow  Creek  near  White  River,  Colorado.  Values  have  remained 
relatively  stable  except  for  fluoride  at  the  station  on  Yellow 
Creek  near  White  River,  Colorado.  Fluoride  levels  at  Yellow 
Creek  had  been  steadily  rising,  reaching  3.0  mg/1  in  August, 
but  levels  then  dropped  to  2.8  mg/1  in  September.  Boron  levels 
at  Yellow  Creek  were  relatively  stable  ranging  from  .58  mg/1  to 
.86  mg/1. 

There  are  three  types  of  precipitation  gages  used  for  collect- 
ing data  by  the  USGS  for  RBOSP:  Storage  precipitation  gages 
allow  precipitation  to  be  collected  and  measured  periodically; 
a  recording-type  gage  allows  the  measurement  of  precipitation 
on  a  daily  basis;  and  a  rainfall  intensity  gage  records  the 
time  of  each  rainfall  event  and  measures  precipitation  depth 
at  time  increments  of  five  minutes.  Locations  of  the  precipi- 
tation gaging  stations  are  shown  in  Figure  1.2-1. 

New  recording-type  precipitation  data  from  near  Cathedral 
Bluffs,  Stake  Springs  Draw,  and  Yellow  Creek  covering  a  per- 
iod from  1  September  to  3  October  indicate  widespread  rainfall 
events  across  the  tract.  Rainfall  events  occurred  concurrently 
at  all  three  recording-type  precipitation  gages  six  out  of  the 
thirteen  days  that  precipitation  was  reported;  four  of  the  remain- 
ing days  precipitation  occurred,  two  of  the  stations  concur- 
rently reported  precipitation.  The  Stake  Springs  recording 
station  reported  eight  days  of  precipitation  with  an  average 
of  .12  inches  and  a  maximum  value  of  .21  inches.  Cathedral 
Bluffs  reported  nine  days  when  precipitation  occurred  with  an 
average  of  .14  inches  and  a  maximum  value  of  .28  inches. 
Yellow  Creek  reported  the  fewest  number  (six)  of  days  of  pre- 
cipitation. Precipitation  for  all  stations  for  days  when  rain- 
fall occurred  averaged  0J3  inches  per  day  of  occurrence. 

Storage-type  precipitation  gages  from  Dry  Fork  Gulch,  Box  Elder 
Gulch,  and  Corral  Gulch  generally  correlate  with  recording-type 
gages  for  relative  amounts  of  precipitation  over  the  same  time 
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Storage-type  precipitation  gages  from  Dry  Fork  Gulch,  Box 
Elder  Gulch,  and  Corral   Gulch  generally  correlate  with  record- 
ing-type gages  for  relative  amounts  of  precipitation  over  the 
same  time  period.     New  data  at  the  storage-type  precipitation 
gages  begin  2  September  and  extend  to  29  October  at  Corral 
Gulch  and  Dry  Fork.     Data  at  Box  Elder  extends  to  23  November. 
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TABLE  1.2-3 
SUMMARY  WATER  ANALYSIS 

STREAM  GAGING  STATION,  USGS  09306240 
BOX  ELDER  GULCH  NEAR  WEST  LINE  TRACT  C-a 
YEAR  1976 


ITEM 

Mar. 18 
74 

Mav  25 
254 

June  24 

Alkalinity  (mg/1) 

226 

Aluminum  (ug/1 )* 

40 



130 

Ammonia  (NH*J  (mg/1) 
Arsenic  (ug/1)* 

.32 

.01 

.00 

— 

— 

9 

Barium  (ug/1 )* 

50 

— 

70 

Beryllium  (ug/1)* 

<1 

— 

<5 

Bicarbonbate  (mg/1) 

90 

310 

276 

Bismuth  (ug/l)+ 

<4 

— 

<15 

BOD.  5-Day  (mg/1) 



--- 

1.0 

Boron  (ug/1) 

50 

60 

50 

Bromide (mg/1)* 

0 



0 

Cadmium  (ug/1 )* 

1 

— 

0 

Calcium  (mg/1) 

17 

54 

50 

Carbonate  (mg/1) 

0 

0 

0 

Chloride  (mg/1) 

3.0 

5.5 

6.0 

Chromium  (ug/1)* 

3 

— 

10 

COD  (mg/1)* 

100 

— 

6.0 

Coliform,  Fecal  (Col /l 00  ml)* 

— 



200 

Coliform,  Total  (Col/100 

ml)* 

— 

— 



Color  (PCU) 

100 

12 

7 

Conductivity,  Specific  (umhos) 

400 

750 

850 

Copper  (ug/1)* 

17 

— 

2 

Cyanide  (mg/1)* 

.00 

— 

.00 

Dissolved  Oxygen  (mg/1) 

— 

6.7 

— 

Fluoride  (mg/1) 

.1 

.3 

.3 

Gallium  (ug/1)* 

<1 

— 

<5 

Germanium  (ug/1)* 

<3 

— 

<20 

Hardness  (Ca.Mg)  (mg/1) 

65 

310 

320 

Iron  (ug/1)* 

280 

— 

30 

Kjeldahl  Nitrogen  (N)  (mg/1) 

30 

.42 

•  .28 

Lead  (ug/1)* 

5 

— 

10 

Lithium  (ug/1)* 

0 

— 

20 

Magnesium  (mg/1) 

5.4 

42 

48 

Manganese  (ug/lj* 
MBAS  (mg/1 J* 

30 

— 

<7 

— 



-__ 

Mercury  (ug/1)* 

.0 

— 

.0 

Molybdenum  (ug/1) 

3 

— 

40 

Nickel  (ug/1)* 

<3 

— 

<10 

Nitrite  Plus  Nitrate  (N) 

(mg/1 ) 

.23 

.72 

.31 

Odor  (Severity) 

0 

0 

0 

Oil  &  Grease  (mg/1)* 
Organic  Carbon  (mg/1) 

2 



11 

Dissolved 

34 

4.2 

6.8 

Suspended 

2.4 





Total + 



_ 

— __ 

Pesticides  (ug/1)  + 

0.0 

— 

0.0 

PH 

8.1 

8.1 

7.7 

Phenols  (ug/1)* 
Phosphate  (mg/1) 

.__ 

---. 

3 

Dissolved  PO. 

1.1 

0 

.03 

Ortho  -p 

.35 

.00 

.01 

Total  .po4 

2.5 

1.7 

.03 

Potassium  (mg/1) 

11 

1.0 

1.0 

Radioactivity* 

Gross  Alpha1  (pc/1) 

3.9 

— 

<  7.7 

Radium  226-  (pc/1) 

— 

— 

Natural  Uranium  (ug/1) 

5.7 

•__ 

<11.4 

Gross  Beta  (pc/1) 

SR90    (pc/1) 

13.7 

— 

<5.8 

CE]f   (pc/1) 

16 

9  8 

Selenium  (ug/1  )* 

0 

•__ 

3 

Silica  (mg/1) 

3.2 

24 

21 

Silver  (ug/l)+ 

<0 

.__ 

<2 

Sodium  (mg/1) 

2.7 

51 

59 

Sodium  Adsorption  Ratio 

.1 

1.3 

1.4 

Solids,  Dissolved  (mg/1) 

96 

474 

505 

Strontium  (ug/1)* 

200 



920 

Sulfate  (mg/1) 

5.5 

140 

180 

Sulfide  (mg/li* 
Temperature  (  C) 

.2 



1.1 

3.0 

24.0 

14.5 

Tin  (ug/l)+ 

<5 

___ 

<10 

Titanium  (ug/1 ) 

<1 



<7 

Turbidity  (JTU) 



Vanadium  (ug/1 )* 

<3.0 



<10 

Zinc  (ug/1)* 

40 



0 

Zirconium  (ug/1)* 

<5 

— 

<20 

*  Quarterly  or  special  sampling  only. 

+  Required  during  first  ji 

<iar   base 

1 ine  only 

U  Nat  as  reference 
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TABLE  1.2-4 
SUMMARY  WATER  ANALYSIS 

STREAM  GAGING  STATION,  USGS  09306235 

CORRAL  GULCH  NEAR  WEST  LINE  TRACT  C-a 

YEAR  1976 


ITEM 

Jan.2 

343 

May  25 
278 

June  24 
257 

July  21 
294 

Aug. 19 
317 

Seo.  15 

Alkalinity  (mg/1) 

331 

Aluminum  (ug/1 )* 

30 

— 

20 

— 

— 

20 

Ammonia  (NH4)  (mg/1) 

.12 

.03 

.03 

.05 

.04 

.01 

Arsenic  (ug/1)* 

4 

— 

7 

— 

— 

8 

Barium  (ug/1)* 

60 

— 

70 

— 

— 



Beryllium  (ug/1)* 

<3 

— 

<6 

— 

— 



Bicarbonbate  (mg/1) 

418 

339 

325 

358 

387 

404 

Bismuth  (ug/l)+ 

<15 

— 

<20 

— 

— 



BOD  5  Day  (mg/1) 

— 

— 

.7 

2.7 

.3 



Boron  (ug/1) 

80 

90 

no 

120 

100 



Bromide  (mg/1  )* 

— 

— 

.i 

— 



.1 

Cadmium  (ug/1  )* 

7 

— 

1 

— 

— 

0 

Calcium  (mg/1 ) 

95 

65 

58 

69 

81 

88 

Carbonate  (mg/1) 

0 

0 

0 

0 

0 

0 

Chloride  (mg/1) 

11 

12 

8 

8.8 

9.8 

8.2 

Chromium  (ug/1  )* 

<15 

— 

10 

___ 

— 

0 

COO  (mg/1)* 

12 

— 

5 

— 

— 

21 

Coliform,  Fecal  (Col/100  ml)* 

— 



10 







Col  i form,  Total  (Col/100  ml)* 

— 









-•- 

Color  (PCU) 

8 

4 

25 

3 

3 

Conductivity,  Specific  (umhos) 

1100 

1050 

1050 

1000 

1050 

1100 

Copper  (ug/1 )* 

5 



5 





1 

Cyanide  (mg/1)* 

.00 

— 

.00 

— 

— 

0 

Dissolved  Oxygen  (mg/1) 

— 

7.5 

— 

6.8 

7.6 

8.4 

Fluoride  (mg/1) 

.3 

.3 

.3 

.3 

.3 

.3 

Gallium  (ug/1)* 

<7 

— 

■  <6 

— 

— 

Germanium  (ug/1 )* 

<40 

— 

<20 

— 

— 



•Hardness  (Ca.Mg)  (mg/1) 

490 

400 

390 

410 

440 

470 

Iron  (ug/1)* 

30 



30 





10 

Kjeldahl  Nitrogen  (M)  (mg/1) 

.69 

.37 

.42 

.84 

.59 

.49 

Lead  (ug/1)* 

<  2 

— 

3 

— 

— 

1 

Lithium  (ug/1 )* 

20 



20 





20 

Magnesium  (mg/1 ) 

60 

53 

58 

58 

57 

60 

Manganese  (ug/1)* 

20 



<10 





10 

MB AS  (mg/1)* 

4.0 









Mercury  (ug/1)* 

.0 



.0 





--- 

Molybdenum  (ug/1) 

40 



23 





30 

Nickel  (ug/1)* 

<15 

--- 

<15 





Nitrite  Plus  Nitrate  (N)  (mg/1) 

1.1 

.52 

.28 

.53 

.73 

1.1 

Odor  (Severity) 

0 

0 

0 

1.0 

0 

0 

Oil  &  Grease  (mg/1)* 

0 

3 

0 

Organic  Carbon  (mg/1) 

Oissolved 

14 

4.6 

7.4 

16 

7.3 

9.2 

Suspended 

2.5 



.3 

.0 



2.1 

Total+ 

Pesticides  (ug/1 )  * 

0.0 

--_ 

.00 

--- 

... 

--- 

PH 

— 

7.9 

8.1 

8.3 

7.9 

8.1 

Phenols (ug/1)* 

--- 

--- 

3 

--- 

--_ 

1 

Phosphate  (mg/1) 

Dissolved  -  PO4 

:88 

.00 

.06 

.00 

.03 

.03 

Ortho-p 

.00 

.02 

.00 

.01 

.01 

Total  -PO4 

.06 

.03 

.03 

.28 

.00 

.37 

Potassium  (mg/1 ) 

1.5 

1.4 

1.5 

2.8 

1.5 

1.6 

Radioactivity* 

Gross  Alpha  *  (pc/1) 

6.7 

— 

7.0 

— 

— 

11.7 

Radium  226  (pc/1) 

.08 





•-_ 



.11 

Natural  Uranium  (ug/1 ) 

9.8 



10.3 





17.2 

Gross  Beta  (pc/1) 

SR90    (pc/1) 

5.6 



3.2 





6.5 

CE137    (pc/1) 

6.8 

_-. 

3.9 

... 

--. 

7.9 

Selenium  (ug/1)* 

2 

— 

4 

— 

— 

3 

Silica  (mg/1) 

19 

20 

18 

22 

19 

21 

Silver  (ug/l)+ 

<2 

— 

<2 

— 

— 

Sodium  (mg/1 ) 

84 

85 

34 

93 

37 

85 

Sodium  Adsorption  Ratio 

1.7 

1.3 

2.1 

2.0 

1.8 

1.7 

Solids,  Dissolved  (mg/1) 

793 

631 

702 

723 

720 

761 

Strontium  (ug/1)* 

1300 

— 

1700 

— 

— 

2000 

Sulfate  (mg/1) 

310 

270 

200 

290 

280 

290 

Sulfide  (mg/li* 
Temoerature  (  C) 

0.0 

— 

0.5 

— 

— 

.6 

23.0 

24.5 

30.0 

20.0 

17 

Tin  (ug/l)+ 

<15 

— 

<15 

— 

— 

— 

Titanium  (ug/1) 

<10 

— 

<10 

— 

— 

— 

Turbidity  (JTU) 

— 

— 

— 

— 

— 

— 

Vanadium  (ug/1 )* 

<15 

— 

<15 

— 

— 

— 

Zinc  (ug/1)* 

10 

— 

0 

— 

— 

0 

Zirccnium  (ug/1  )* 

<40 

--- 

<30 

— 

— 

... 

*  Quarterly  cr  special  sampling  only. 

+  Required  during  first  year  baseline  only. 

U  Nat  as  reference. 
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TABLE  1.2-5 

SUMMARY  WATER  ANALYSIS 

STREAM  GAGING  STATION,  USGS  09306242 
CORRAL  GULCH  EAST  OF  TRACT  C-a 
YEAR  1976 


r 


ITEM 


Alkalinity  (mg/1) 

Aluminum  (ug/1  }* 

Ammonia  (NH4)  (mg/1) 

Arsenic  (ug/1)* 

Barium  (ug/1  )* 

Beryllium  (ug/1)* 

Bicarbonbate  (mg/1) 

Bismuth  (ug/l)+ 

BOO  5  Oay  (mg/1) 

Boron  (ug/1) 

Bromide  {mg/1)* 

Cadmium  (ug/1  }* 

Calcium  (mg/1) 

Carbonate  (mg/1) 

Chloride  (mg/1) 

Chromium  (ug/1)* 

COD  (mg/1)* 

Coliform,  Fecal  (Col/100  ml)* 

Coliform,  Total  (Col/100  ml)* 

Color  (PCU) 

Conductivity,  Specific  (umhos) 

Copper  (ug/1 )* 

Cyanide  (mg/1)* 

Dissolved  Oxygen  (mg/1) 

Fluoride  (mg/1) 

Gallium  (ug/1)* 

Germanium  (ug/1)* 

Hardness  (Ca.Mg)  (mg/1) 

Iron  (ug/1)* 

Kjeldahl   Nitrogen  (N)    (mg/1) 

Lead  (ug/1)* 

Lithium  (ug/1)* 

Magnesium  (mg/1) 

Manganese  (ug/1)* 

MBAS  (mg/1)* 

Mercury  (ug/1)* 

Molybdenum  (ug/1) 

Nickel  (ug/1)* 

Nitrite  Plus  Nitrate  (N)  (mg/1) 

Odor  (Severity) 

Oil  &  Grease  (mg/1)* 

Organic  Carbon  (mg/1) 

Dissolved 

Suspended 

Total* 
Pesticides  (ug/1)  + 
PH 

Phenols  (ug/1)* 
Phosphate  (mg/1) 

Dissolved  -  PO4 

Ortho  -  P 

Total  -  P04 
Potassium  (mg/1) 
Radioactivity* 

Gross  Alpha 1  (pc/1) 
Radium  226  (pc/1) 
Natural  Uranium  (ug/1) 

Gross  Beta  (pc/1) 

SR90    (pc/1) 

CE137   (pc/1) 
Selenium  (ug/1)* 
Silica  (mg/1) 
Silver  (ug/l)+ 
Sodium  (mg/1) 
Sodium  Adsorption  Ratio 
Solids,  Dissolved  (mg/1) 
Strontium  (ug/1)* 
Sulfate  (mg/1) 
Sulfide  (mg/li* 
Temperature  (  C) 
Tin  (ug/l)+ 
Titanium  (ug/1) 
Turbidity  (JTU) 
Vanadium  (ug/1)* 
Zinc  (ug/1)* 
Zirconium  (ug/1 )* 

*  Quarterly  or  special  sampling  only. 

+  Required  during  first  year  baseline  only. 


Jan. 29 

Feb. 18 

Mar. 11 

Acr.15 

May  13 

June  25 

July  21 

Aug.  19 

SeDt.16 

362 

414 

419 

367 

395 

294 

363 

377 

373 

10 

10 

20 

— 



20 

— 

0 

.05 

— 

.05 

.12 

.13 

.01 

.04 

.04 

.04 

4 

4 

6 

— 

— 

7 

— 

8 

— 

— 

60 

— 

— 

60 

— 



— 

— 

<4 

— 

— 

<7 

— 

... 

... 

441 

505 

511 

448 

481 

358 

442 

460 

455 

— 

— 

<25 

— 

— 

<20 

— 

— 

— 

— 

2.6 

— 



2.0 

2.2 



140 

120 

100 

150 

180 

90 

120 

110 

120 

— 

— 

.1 

— 

— 

.1 

— 



.1 

— 

1 

— 

10 

... 



0 

85 

83 

91 

90 

87 

76 

82 

81 

80 

0 

0 

0 

0 

0 

0 

0 

0 

0 

10 

9.4 

12 

11 

12 

10 

11 

11 

11 

— 

— 

<20 

— 

— 

15 

— 

0 

— 

12 

— 

— 

5 

— 

... 

6 

0 

— 

2 

— 

220 

— 

— 

180 

3 

4 

4 

0 

0 

3 

12 

3 

5 

1200 

1300 

1250 

1300 

1200 

1150 

1320 

1000 

1150 

— 

— 

3 

— 

— 

6 

— 



3 

— 

— 

.00 

— 

— 

.00 

— 

-_- 

.00 

7.7 

10.9 

10.0 

7.0 

10.1 

9.3 

6.9 

7.1 

'   8.1 

.4 

.4 

.4 

•  <T 

<20 

.4 

.4 

.4 

<7 

<20 

.4 

.4 

.4 











'." 

470 

460 

520 

510 

480 

430 

430 

450 

440 

10 

10 

<20 





60 

— 

10 

.40- 

.22 

.11 

... 

.35 

0 

.92 

732 

.49 

— 

— 

1 

... 

— 

<15 

— 



2 

— 

— 

20 

— 

20 

— 



20 

63 

60 

70 

69 

65 

57 

55 

60 

59 

— 

— 

40 
.1 

— 

--- 

<20 

— 

— 

30 

— 

— 

0 

— 

— 

0 

— 

... 

0 

— 

— 

50 

— 

— 

50 

— 

23 

— 

— 

<20 

— 

— 

<15 

— 



.34 

.37 

.33 

.32 

<.32 

.23 

.18 

.28 

.54 

0 

0 

0 

0 

0 

0 

0 

0 

1 

— 

0 

— 

— 

11 

.— 

— 

.6 

14 

6.7 

4.2 





1.7 

12 

.71 

5.4 

.3 

.3 

.3 

— 

— 

.4 

1.1 

i.i 

.5 

— 

— 

— 

— 

— 



— 

— 

0 

— 

— 

— 

— 

... 

0 

7.8 

8.2 

7.7 

7.5 

8.2 

7.4 

7.8 

7.7 

7.6 

— 

— 

— 

— 

3 

— 

— 

0 

.03 

.15 

.03 

.03 

.03 

.09 

.01 

.09 

.06 

.01 

.05 

.01 

.01 

.01 

.03 

.01 

.03 

.02 

.00 

— 

.12 

.49 

.03 

.12 

.09 

.09 

1.5 

1.4 

1.7 

2.4 

1.5 

1.4 

1.7 

1.7 

1.3 

— 

— 

<6.2 

.„ 

— 

<8.4 

T~ 

— 

<9.1 

— 

— 

.01 

— 

— 

— 



.06 

— 

— 

<9.1 

— 

— 

<12.4 

— 



<13.4 

3.7 
4.6 


2.5 
2.9 


3.5 
4.2 






2 

_.. 

3 



— 

3 

20 

20 

21 

<2 

120 

22 

21 

19 
<2 

100 

21 

20 

20 

110 

100 

120 

.  no 

98 

no 

100 

2.2 

2.0 

2.3 

2.3 

2.2 

2.1 

2.1 

2.3 

2.1 

821 

787 

871 

837 

816 

714 

748 

772 

771 

2000 

1800 

1700 

— 

1600 

— 

— 

1800 

310 

260 

300 

0 

9.0 

300 

280 

270 

.6 

17.0 

260 

260 

270 

.6 

12.0 

8.5 

8.1 

12.0 

13.0 

22.0 

18.0 

— 

— 

<20 

— 

<15 

— 

— 

— 





<10 





<10 

— 

— 

— 

— 

— 

2 

--- 

16 

— 

4.4 

3 

— 

— 

<10 

— 

— 

<15 

— 

— 

— 

— 

— 

10 

... 

... 

20 

— . 

--- 

10 

— 

— 

<30 

— 

— 

<30 

— 

— 

— 

U  Nat  as  reference. 
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TABLE  1.2-6 
SUMMARY  WATER  ANALYSIS 

STREAM  GAGING  STATION,  USGS  09306241 
"RINKY  DINK"  GULCH  NEAR  EAST  LIHE  TRACT  C- 

YEAR  1976 


ITEM 

Feb.13 
73 

Mar.  18 

Alkalinity  (mg/1) 

72 

Aluminum  (ug/1)* 
Ammonia  (NH4)  (mg/1) 

250 

— 

.12 

.06 

Arsenic  (ug/1)* 

.3 

— 

Barium  (ug/1)* 

.0 

— 

Beryllium  (ug/1)* 

— 



Bicarbonbate  (mg/1) 

89 

88 

Bismuth  (ug/l)+ 



___ 

BOD  5  Day  (mg/1) 





Boron  (ug/1) 

100 

50 

Bromide  (mg/1)* 
Cadmium  (ug/1)* 

— 

0 

1 

Calcium  (mg/1) 

11 

17 

Carbonate  (mg/1) 

0 

0 

Chloride  (mg/1) 

1.8 

1.7 

Chromium  (ug/1)* 

0 

COD  (mg/1)* 

240 

— 

Coliform,  Fecal  (Col/100  ml)* 



_-_ 

Coliform,  Total  (Col/100  ml)* 



-■_ 

Color  (PCU) 

20 

Conductivity,  Specific  (umbos) 

160 

190 

Copper  (ug/1 )* 

13 

— 

Cyanide  (mg/1 )* 

.00 

— 

Dissolved  Oxygen  (mg/1) 

... 

— 

Fluoride  (mg/1) 

.3 

.2 

Gallium  (ug/1)* 

... 

... 

Germanium  (ug/1)* 

... 

Hardness  (Ca.Mg)  (mg/1) 

37 

55 

Iron  (ug/1)* 

280 

— 

Kjeldahl  Nitrogen  (N)  (mg/1) 

1.1 

.39 

Lead  (ug/1)* 

10 

— 

Lithium  (ug/1)* 

10 

— 

Magnesium  (mg/1 ) 

2.2 

3.0 

Manganese  (ug/1)* 

... 

... 

MBAS  (mg/1)* 

.0 

— 

Mercury  (ug/1)* 

.1 

Molybdenum  (ug/1) 





Nickel  (ug/1 J* 



___ 

Nitrite  Plus  Nitrate  (N)  (mg/1) 

.72 

.61 

Odor  (Severity) 

0 

0 

Oil  &  Grease  (mg/1)* 
Organic  Carbon  (mg/1 ) 

.-• 

^ 

Dissolved 

67 

34 

Suspended 

3.9 

<10 

Total* 

... 



Pesticides  (ug/1)  + 

... 

_ 

pH 

8.5 

8.4 

Phenols  (ug/1)* 



Phosphate  (mg/1) 

Dissolved  -  PO4 
Ortho  -P 

:o2I 

■M 

Total  -PO4 

2.1 

7.7 

Potassium  (mg/1) 

2.3 

2.9 

Radioactivity* 

Gross  Alpha  1  (pc/1) 

— 

— 

Radium  226  (pc/1) 

___ 

Natural  Uranium  (ug/1) 

-__ 



Gross  Beta  (pc/1) 

SR90    (pc/1) 

_— _ 

... 

CE137    (pc/1) 

Selenium  (ug/1)* 

"6 

— 

Silica  (mg/1) 

5.0 

5.8 

Silver  (ug/l)+ 





Sodium  (mg/1 ) 

24 

16 

Sodium  Adsorption  Ratio 

1.7 

.9 

Solids,  Dissolved  (mg/1) 

102 

98 

Strontium  (ug/1)* 

100 

— 

Sulfate  (mg/1) 

6.8 

5.3 

Sulfide  (mg/11* 
Temperature  (  C) 





1.0 

8.0 

Tin  (ug/l)+ 

— 



Titanium  (ug/1) 





Turbidity  (JTU) 

— 



Vanadium  (ug/1 )* 

— 



Zinc  (ug/1)* 

90 

— 

Zirconium  (ug/1)* 

... 

— 

*  Quarterly  or  special  sampling  only. 

+  Required  during  first  year  baseline  only. 

*  U  Nat  as  reference. 


ITEM 


TABLE  1.2-7 

SUMMARY  WATER  ANALYSIS 

STREAM  GAGING  STATION,  USGS  09306230 
STAKE  SPRINGS  DRAW  NEAR  CONFLUENCE  WITH 
CORRAL  GULCH 
YEAR  1976 

Feb. 13 


*  Quarterly  or  special  sampling  only. 

+  Required  during  first  year  baseline  only 

U  Nat  as  reference 


P 


Alkalinity  (mg/1) 

114 

Aluminum  (ug/1 )* 

100 

Ammonia  (NH4)  (mg/1) 
Arsenic  (ug/1)* 

.14 

2 

Barium  (ug/1  )* 

— 

Beryllium  (ug/1)* 

— 

Bicarbonbate  (mg/1) 

139 

Bismuth  fug/1 )  + 

— 

BOO,  5-Day  (mg/1) 

— 

Boron  (ug/1) 

160 

Bromide  (mg/1)* 

— 

Cadmium  (ug/1 )* 

— 

Calcium  (mg/1 ) 

26 

Carbonate  (mg/1) 

1.0 

Chloride  (mg/1) 

4.2 

Chromium  (ug/1)* 



COO  (mg/1)* 

--- 

Col iform,  Fecal  (Col/100  ml)* 

— 

Coliform,  Total  (Col/100  ml)* 

— 

Color  (PCU) 

100 

Conductivity,  Specific  (umhos) 

280 

Copper  (ug/1)* 

— 

Cyanide  (mg/1)* 

— 

Dissolved  Oxygen  (mg/1) 

— 

Fluoride  (mg/1 ) 

.1 

Gallium  (ug/1)* 

— 

Germanium  (ug/1)* 

— 

Hardness  (Ca.Mg)  (mg/1) 

94 

Iron  (ug/1)* 

130 

Kjeldahl  Nitrogen  (n)  (mg/1) 

2.4 

Lead  (ug/1)* 

Lithium  (ug/1)* 



Magnesium  (mg/1) 

6.9 

Manganese  (ug/1)* 

MB  AS  (mg/1)* 
Mercury  (ug/1)* 

___ 



Molybdenum  (ug/1) 



Nickel  (ug/1)* 

Nitrite  Plus  Nitrate  (N)  (mg/1) 

.42 

Odor  (Severity) 

0 

Oil  &  Grease  (mg/1)* 
Organic  Carbon  (mg/1) 

--.- 

Dissolved 

67 

Suspended 

1.4 

Total  + 



Pesticides  (ug/1)  + 



PH 

8.4 

Phenols  (ug/1)* 

— 

Phosphate  (mg/1) 

Dissolved  -  PO4 

.49 

Ortho  -P 

.16 

Total  -PO4 

1.0 

Potassium  (mg/1) 

5.4 

Radioactivity* 

Gross  Alpha1  (pc/1) 

„_. 

Radium  226  (pc/1) 



Natural  Uranium  (ug/1) 



Gross  Beta  (pc/1) 

SR90    (pc/1) 



CE137   (pc/1) 

_-.. 

Selenium  (ug/1)* 

— 

Silica  (mg/1) 

5.3 

Silver  (ug/l)+ 

— 

Sodium  (mg/1) 

17 

Sodium  Adsorption  Ratio 

.8 

Solids,  Dissolved  (mg/1) 

154 

Strontium  (ug/1 )* 

390 

Sulfate  (mg/1) 

17 

Sulfide  (mg/1)* 
Temperature  (  C) 

— 

3.0 

Tin  (ug/l)+ 

— 

Titanium  (ug/1 ) 

— 

Turbidity  (JTU) 

— 

Vanadium  (ug/1  )* 

— 

Zinc  (ug/1)* 

— 

Zirconium  (ug/1)* 

— 

i 


' 


19 


TABLE  1.2-8 
SUMMARY  WATER  ANALYSIS 

STREAM  GAGING  STATION,  USGS  09306244 
CORRAL  GULCH  SOUTH  OF  84  MESA 
YEAR  1976 


ITEM 


Alkalinity  (mg/1) 

Aluminum  (ug/1  )* 

Ammonia  (NH4)  (mg/1) 

Arsenic  (ug/1)* 

Barium  (ug/1)* 

Beryllium  (ug/1)* 

Bicarbonbate  (mg/1) 

Bismuth  (ug/l)+ 

BOD  5 -Day  (mg/1) 

Boron  (ug/1) 

Bromide  (mg/1)* 

Cadmium  (ug/1 )* 

Calcium  (mg/1 ) 

Carbonate  (mg/1) 

Chloride  (mg/1) 

Chromium  (ug/1 )* 

COD  (mg/1)* 

Coliform,  Fecal  (Col/100  ml)* 

Col iform,  Total  (Col/100  ml)* 

Color  (PCU) 

Conductivity,  Specific  (umhos) 

Copper  (ug/1 )* 

Cyanide  (mg/1 )* 

Dissolved  Oxygen  (mg/1) 

Fluoride  (mg/1) 

Gallium  (ug/1)* 

Germanium  (ug/1)* 

Hardness  (Ca.Mg)  (mg/1) 

Iron  (ug/1)* 

Kjeldahl  Nitrogen  (N) 

Lead  (ug/1)* 

Lithium  (ug/1)* 

Magnesium  (mg/1) 

Manganese  (ug/1)* 

MBAS  (mg/1)* 

Mercury  (ug/1)* 

Molybdenum  (ug/1) 

Nickel  (ug/1)* 


(mg/1) 


(ug/1. 
Nitrite  Plus  Nitrate  (N)  (mg/1) 
Odor  (Severity) 
Oil  &  Grease  (mg/1)* 
Organic  Carbon  (mg/1) 

Dissolved 

Suspended 

Total + 
Pesticides  (ug/1)  + 
PH 

Phenols  (ug/1)* 
Phosphate  (mg/1) 

Dissolved  -  PO4 

Ortho  -  P 

Total  -  PO4 
Potassium  (mg/1 ) 
Radioactivity* 

Gross  Alpha  1  (pc/1) 
Radium  226  (pc/1) 
Natural  Uranium  (ug/1) 

Gross  Beta  (pc/1) 

SR90    (pc/1) 

CE137    (pc/1) 
Selenium  (ug/1  )* 
Silica  (mg/1) 
Silver  (ug/l)+ 
Sodium  (mg/1 ) 
Sodium  Adsorption  Ratio 
Solids,  Dissolved  (mg/1) 
Strontium  (ug/1 )* 
Sulfate  (mg/1 ) 
Sulfide  (mg/lj* 
Temperature  (  C) 
Tin  (ug/l)+ 
Titanium  (ug/1) 
Turbidity  (JTU) 
Vanadium  (ug/1)* 
Zinc  (ug/1)* 
Zirconium  (ug/1)* 

*  Quarterly  or  special  sampling  only. 

+  Required  during  first  year  baseline  only. 

*  U  Nat  as  reference. 


Jan. 29 

Feb. 18 

Mar. 11 

May  13 

June  25 

July  22 

Auq.  20 

Sept.  If 

523 

505 

489 

469 

513 

472 

507 

437 

10 

10 

<20 

— 

40 

— 

... 

0 

.06 

.19 

.10 

.05 

.00 

.00 

.09 

0 

2 

2 

4 

— 

6 

— 

7 

— 

200 

— 

100 

— 

--- 

— 

— 

<5 

— 

<10 

— 



--- 

638 

616 

596 

572 

626 

575 

618 

533 

— 

— 

<35 

— 

<40 

— 



— 

— 

— 

3.6 

— 

1.65 

2.30 

---. 

180 

160 

150 

40 

140 

210 

200 

220 

— 

— 

.1 

— 

.2 

— 

— 

.3 

— 

— 

1 

— 

0 

— 

... 

0 

110 

no 

no 

100 

100 

no 

100 

84 

0 

0 

0 

0 

0 

0 

0 

0 

18 

19 

16 

17 

18 

18 

19 

18 

— 

— 

<25 

— 

<30 

— 

... 

0 

— 

26 

— 

6 

— 



15 

— 

— 

2 

— 

58 

— 

— 

20 

— 

— 

— 

— 

— 





4 

15 

15 

5 

6 

18. 

8 

8 

1750 

1900 

1700 

1820 

1760 

1800 

1880 

1700 

— 

— 

2 

— 

7 

— 

— 

1 

— 

— 
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TABLE  1.2-9 
SUMMARY  WATER  ANALYSIS 

STREAM  GAGING  STATION,  USGS  09306246 
TRIBUTARY  TO  YELLOW  CREEK  EAST  OF  84  MESA 
YEAR  1976 


HEM Feh.13  _ 

Alkalinity  (mg/1)  99 

Aluminum  (ug/1)*  30 

Ammonia  (NH4)  (mg/1)  -98 

Arsenic  (ug/1)*  1 

Barium  (ug/1)*  

Beryllium  (ug/1)*  

Bicarbonbate  (mg/1)  121 

Bismuth  (ug/l)+ 

BOO  5  Day  (mg/1) 

Boron  (ug/1)  110 

Bromide (mg/1)* 

Cadmium  (ug/1)*  

Calcium  (mg/1)  18 

Carbonate  (mg/1)  0 

Chloride  (mg/1)  1.9 

Chromium  (ug/1)*  — 
COD  (mg/1)* 

Coliform,  Fecal  (Col/100  ml)* 
Col i form,  Total  (Col/ 100  ml)* 

Color  (PCU)  450 

Conductivity,  Specific  (umhos)  100 

Copper  (ug/1 )*  — 

Cyanide  (mg/1)*  — 

Dissolved  Oxygen  (mg/1)  — 

Fluoride  (mg/1)  .1 
Gallium  (ug/1)* 

Germanium  (ug/1)*  

Hardness  (Ca.Mg)  (mg/1)  52 

Iron  (ug/1)*  230 

Kjeldahl  Nitrogen  (N)  (mg/1)  u 

Lead  (ug/1)* 

Lithium  (ug/1)* 

Magnesium  (mg/1)  1.7 

Manganese  (ug/1)*  

MBAS  (mg/1)* 

Mercury  (ug/1)*  _._ 

Molybdenum  (ug/1)  

Nickel  (ug/1)* 

Nitrite  Plus  Nitrate  (N)  (mg/1)  .34 

Odor  (Severity)  q 

011  &  Grease  (mg/1)* 

Organic  Carbon  (mg/1) 

Dissolved  76 

Suspended  6  6 
Total+ 
Pesticides  (ug/1)  + 

PH  8.5 

Phenols (ug/i)* 

Phosphate  (mg/1) 

Dissolved  -  PO4  .15 

Ortho_p  ."05 

Total  .pp.  3.5 

Potassium  (mg/1)  -\  .5 

Radioactivity* 

Gross  Alpha  *  (pc/1) 
Radium  226  (pc/1) 

Natural  Uranium  (ug/1)      

Gross  Beta  (pc/1) 

SR90    (pc/1) 

CE137   (pc/1) 
Selenium  (ug/1)* 

Silica  (mg/1)  5.6 

Silver  (ug/l)+ 

Sodium  (mg/1)  7.3 

Sodium  Adsorption  Ratio  .4 

Solids,  Dissolved  (mg/1)  104 

Strontium  (ug/1)*  180 

Sulfate  (rr.g/1)  5.1 

Sulfide  (mg/ll* 

Temperature  (  C)  .5 

Tin  (ug/l)+ 

Titanium  (ug/1)  

Turbidity  (JTU) 

Vanadium  (ug/1 )*  

Zinc  (ug/1)* 

Zirconium  (ug/1)*  

*  Quarterly  or  special  samoling  only. 

+  Required  during  first  year  baseline  only. 

U  tlat  as  reference. 
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TABLE  1.2-10 

SUMMARY  WATER  ANALYSIS 

STREAM  GAGING  STATION,  USGS  09306248 
UPPER  BIG  DUCK  CREEK  NORTH  OF  84  MESA 
YEAR  1976 


ITEM 


Alkalinity  (mg/1) 
Aluminum  (ug/1)* 
Ammonia  (NH4)  (mg/1) 
Arsenic  (ug/1)* 
Barium  (ug/1)* 
Beryllium  (ug/1)* 
Bicarbonbate  (mg/1) 
Bismuth  (ug/l)+ 
BOD  5  Day  (mg/1) 
Boron  (ug/1) 
Bromide(mg/l)* 
Cadmium  (ug/1)* 
Calcium  (mg/1 ) 
Carbonate  (mg/1) 
Chloride  (mg/1) 
Chromium  (ug/1 )* 
COD  (mg/1)* 

Col i form,  Fecal  (Col/100  ml)* 
Coliform,  Total  (Col/100  ml)* 
Color  (PCU) 

Conductivity,  Specific  (umhos) 
Copper  (ug/1)* 
Cyanide  (mg/1)* 
Dissolved  Oxygen  (mg/1) 
Fluoride  (mg/1) 
Gallium  (ug/1)* 
Germanium  (ug/1)* 
Haraness  (Ca.Mg)  (mg/1) 
Iron  (ug/1)* 

Kjeldahl  Nitrogen  (N)  (mg/1) 
Lead  (ug/1)* 
Lithium  (ug/1)* 
Magnesium  (mg/1) 
Manganese  (ug/1)* 
MBA.S  (mg/1)* 
Mercury  (ug/1)* 
■-Molybdenum  (ug/1) 
Nicfcel  (ug/l)*^ 

Nitrite  Plus  Nitrate  (N)  (mg/1) 
Odor  (Severity) 
Oil  &  Grease  (mg/1)* 
Organic  Carbon  (mg/1) 

Dissolved 

Suspended 

Total* 
Pesticides  (ug/1)  + 
PH 

Phenols  (ug/1)* 
Phosphate  (mg/1) 

Dissolved  -PO4 

Ortho  -p 

Total  -po4 
Potassium  (mg/1) 
Radioactivity* 

Gross  Alpha!  (pc/1) 
Radium  226  (pc/1) 
Natural  Uranium  (ug/1) 
(pc/1) 

(pc/1) 


Gross  Beta 

n90 


SR" 

C£ 


Feb.13 

107 

230 

.84 

4 

100 

<1 

131 

<4 

170 

.1 
<3 

20 

0 

4.8 

<3 

76 


180 

220 

10 

.00 

<2 

<4 

73 
170 
3.8 

<4 

2 

5.6 

20 

.1 
5 

<4 

.45 

0 

2 


137 


(pc/1) 


Selenium  (ug/1)* 
Silica  (mg/1) 
Silver  (ug/l)+ 
Sodium  (mg/1) 
Sodium  Adsorption  Ratio 
Solids,  Dissolved  (mg/1) 
Strontium  (ug/1)* 
Sulfate  (mg/1) 
Sulfide  (mg/li* 
Temperature  (  C) 
Tin  (ug/l)+ 
Titanium  (ug/1) 
Turbidity  (JTU) 
Vanadium  (ug/1)* 
Zinc  (ug/1)* 
Zirconium  (ug/1)* 

*  Quarterly  or  special  sampling  only. 

+  Required  during  first  year  baseline  only. 


8.3 


.49 
.16 

15 
20.0 

29.4 

33 

41 

0 

5.2 

0 

18 

.9 

149 

220 

12 

.8 

.5 

<4 

10 

<4.0 
20 
<8 


1 


U  Ilat  as  reference. 
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TABLE  1.2-11 
SUMMARY  WATER  ANALYSIS 

STREAM  GAGING  STATION,  USGS  09306250 

LOWER  BIG  DUCK  CREEK  NORTH  OF  84  MESA 

YEAR  1976 


ITEM 

Foh.U 

Alkalinity  (mg/1) 

135 

Aluminum  (uq/1)* 

200 

Ammonia  (NH4)  (mg/1) 

.44 

Arsenic  (ug/1)* 

2 

Barium  (ug/1)* 

100 

Beryllium  (ug/1)* 



Bicarbonbate  (mg/1) 

164 

Bismuth  (ug/l)+ 

BOD,  5-Day  (mg/1) 



Boron  (ug/1) 

130 

Bromide  (mg/1)* 

0 

Cadmium  (ug/1)* 

1 

Calcium  (mg/1) 

22 

Carbonate  (mg/1) 

0 

Chloride  (mg/1) 

4.2 

Chromium  (ug/1)* 

0 

COD  (mg/1)* 

87 

Coliform,  Fecal  (Col/100  ml )* 



Coliform,  Total  (Col/100  ml)* 

Color  (PCU) 

180 

Conductivity,  Specific  (umhos) 

320 

Copper  (ug/1 )* 

14 

Cyanide  (mg/1)* 

.00 

Dissolved  Oxygen  (mg/1) 

Fluoride  (mg/1) 

"."l 

Gallium  (uq/1)* 
Germanium  (ug/1 )* 

... 

Hardness  (Ca.Mg)  (mg/1) 

78 

Iron  (ug/1)* 

340 

Kjeldahl  Nitrogen  (N)  (mg/1) 

3.1 

Lead  (ug/1)* 

7 

Lithium  (ug/1)* 

10 

Magnesium  (mg/1) 

5.6 

Manganese  (ug/1)* 



MBAS  (mg/1)* 

"  ~0 

Mercury  (ug/1)* 

.1 

Molybdenum  (ug/1) 
Nickel  (ug/1)* 



Nitrite  Plus  Nitrate  (N)(mg/1) 

"52 

Odor  (Severity) 

0 

Oil  &  Grease  (mg/1)* 
Organic  Carbon  (mg/1) 

Dissolved 

Suspended 

Total* 

Pesticides  (ug/1)  + 

. 

PH 

8.7 

Phenols  (Ug/1)* 

Phosphate  (mg/1) 

Dissolved  -  PO. 
Ortho  -P      4 

.52 

.17 

Total  -PO4 

1.5 

Potassium  (mg/1) 

13 

Radioactivity* 

Gross  Alpha1  (pc/1) 

9.9 

Radium  226 



Natural  Uranium  (ug/1) 

14.6 

Gross  Beta  (pc/1) 

SR90    (pc/1) 

25 

CE137    (pc/1)  30.5 

Selenium  (ug/1)*  0 

Silica  (mg/1)  5.8 

Silver  (ug/l)+  

Sodium  (mg/1 )  25 

Sodium  Adsorption  Ratio  1.2 

Solids,  Oissolved  (mg/1)  172 

Strontium  (ug/1)*  260 

Sulfate  (mg/1)  11 
Sulfide  (mg/li* 

Temperature  (  C)  -5 

Tin  (ug/l)+  

Titanium  (ug/1)  

Turbidity  (JTU) 

Vanadium  (ug/1 )*  

Zinc  (ug/1)*  50 

Zirconium  (ug/1 )*  

*  Quarterly  or  special  sampling  only. 

+  Required  during  first  year  baseline  only 

U  Mat  as  reference 

00 


r 


TABLE  1.2-12 

SUMMARY  WATER  ANALYSIS 

STREAM  GAGING  STATION,  USGS  09306255 
YELLOW  CREEK  NEAR  WHITE  RIVER,  COLORADO 
YEAR  1976 


ITEM 


(mg/1) 


Alkalinity  (mg/1) 

Aluminum  (ug/U* 

Ammonia  (NH.)  (mg/1) 

Arsenic  (ug/1)* 

Barium  (ug/1)* 

Beryllium  (ug/1)* 

Bicarbonbate  (mg/1) 

Bismuth  (ug/l)+ 

BOD  5  Day  (mg/1) 

Boron  (ug/1) 

Bromide  (mg/1)* 

Cadmium  (ug/l)* 

Calcium  (mg/1) 

Carbonate  (mg/1) 

Chloride  (mg/1) 

Chromium  (ug/1 )* 

COD  (mg/1)* 

Coliform,   Fecal    (Col/100  ml)* 

Col  iform,  Total    (Col/100  ml)* 

Color  (PCU) 

Conductivity,  Specific  (umhos) 

Copper  (ug/1)* 

Cyanide  (mg/1)* 

Dissolved  Oxygen 

Fluoride  (mg/1) 

Gallium  (ug/1)* 

Germanium  (ug/1)* 

Hardness  (Ca.Mg)  (mg/1) 

Iron  (ug/1)* 

Kjeldahl  Nitrogen   (N)   (mg/1) 

Lead  (ug/1)* 

Lithium  (ug/1)* 

Magnesium  (mg/1) 

Manganese  (ug/1)* 

MBAS   (mg/1 )* 

Mercury  (ug/1 )* 

Molybdenum  (ug/1 ) 

Nickel  (ug/1)* 

Nitrite  Plus  Nitrate  (N)  (mg/1) 

Odor  (Severity) 

Oil  &  Grease  (mg/1)* 

Organic  Carbon  (mg/1 ) 

Dissolved 

Suspended 

Total* 
Pesticides  (ug/1)  + 
PH 

Phenols (ug/1)* 
Phosphate  (mg/1) 

Dissolved  -  P04 

Ortho  -p 

Total  -po. 
Potassium  (mg/1) 
Radioactivity*1 

Gross  Alpha  '  (pc/1) 
Radium  226  (pc/1 ) 
Natural  Uranium  (ug/1) 

Gross  Beta  (pc/1) 

SR90    (pc/1 ) 


CE137   (pc/1) 
Selenium  (ug/1)* 
Silica  (mg/1) 
Silver  (ug/l)+ 
Sodium  (mg/1) 
Sodium  Adsorption  Ratio 
Solids,  Dissolved  (mg/1) 
Strontium  (ug/1)* 
Sulfate  (mg/1 ) 
Sulfide  (mg/li* 
Temperature  (  C) 
Tin  (ug/l)+ 
Titanium  (ug/1) 
Turbidity  (JTU) 
Vanadium  (ug/1 )* 
Zinc  (ug/1)* 
Zirconium  (ug/1)* 

*  Quarterly  or  special  sampling  only. 

+  Required  during  first  year  baseline  only. 

B  Coliform  count  non  ideal. 

U  Nat  as  reference 
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Figure  1.2-18 
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Figure  1 .2-21 
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Figure  1.2-24 
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Figure   1 .2-25 
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Figure  1.2-26 
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Figure  1.2-27 
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Figure  1 .2-28 
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Figure  1 .2-29 
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Figure  1 .2-31 


u 


-1      * 


*•"  r- 


fl-5T 


4 


-    2 


«•  2 


-***• 


ii. 


K 


i 


C£ 


LU 


UJ 


UJ 


IS) 


OH 

o 


-&£. 


-» 


t/> 


CO 

-te± 


o 

u_ 


UJ 


4-U 


o 


o 

-I— T 


UJ 


<_) 

UJ 


CD 


UJ 


-*S- 


\ 


on 


-G5- 


fc£ 


2    S 


2    L. 


-    T 


B3H3NI       Ml       NC3ll\/i.ldl33Ud 

57 


Figure  1.2-32 
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Figure  1 .2-33 
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1.2.3    ALLUVIAL  AQUIFERS 

The  drilling  and  completion  of  fifteen  alluvial  aquifer  test 
holes  associated  with  Tract  C-a  were  described  in  RBOSP  Progress 
Reports  2,3,  and  4.  The  holes  which  encountered  water  were: 
G-S  S-7,  G-S  S-8,  G-S  S-ll,  G-S  S-12,  G-S  S-19,  G-S  S-22,  G-S 
S-23  and  G-S  S-24.  Continuous  water  level  recorders  (Stevens 
Type  F)  had  been  installed  at  G-S  S-7,  G-S  S-8,  G-S  S-ll  and 
G-S  S-12.  At  the  present  G-S  S-ll  is  the  only  alluvial  hole 
which  has  a  recorder  installed.  Water  quality  information, 
conductivity,  temperature,  pH,  and  water  level  data  for  the 
alluvial  holes  monitored  on  or  near  Tract  C-a  are  shown  in 
Figures  1.2-34  through  1.2-49, 

According  to  the  schedule  approved  by  the  Area  Oil  Shale  Super- 
visor (AOSS)  for  the  alluvial  aquifer  monitoring  program,  samples 
for  standard  chemical  analysis  should  be  collected  in  February, 
July,  November,  and  monthly  during  the  snowmelt  flash  flood 
season  from  April  through  September,  Table  1.2-  14,  The  schedule 
also  requires  that  all  samples  from  the  alluvial  holes  be  fil- 
tered prior  to  laboratory  analysis.  This  process  is  done  in  the 
field  by  means  of  a  pressurized  filtration  unit. 

During  the  quarter,  the  average  water  level  declined  in  the 
alluvial  holes  by  .91  feet.  Alluvial  holes  G-S  S-8  and  G-S 
S-23  showed  a  downward  trend  over  the  quarter.  G-S  S-7 
declined  in  September  and  rose  in  November.  A  rise  in  Sep- 
tember and  a  decline  in  November  occurred  in  alluvial  holes 
G-S  S-ll  and  G-S  S-12.  G-S  S-19  showed  a  rise  in  November 
from  the  August  water  level  measurement.  Alluvial  hole  G-S  S-22 
showed  no  relative  change  through  the  quarter. 

The  alluvial  holes  were  sampled  twice  during  the  quarter.  They 
were  sampled  in  September  as  part  of  the  snowmelt  and  flash  flood 
program,  although  G-S  S-19  was  not  sampled  at  that  time  because 
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of  the  insufficient  water  in  the  hole.  The  light  holes  were 
then  sampled  again  in  November  as  part  of  the  quarterly  samp- 
ling program. 

Field  measurements  of  conductivity  showed  an  average  decrease 
of  80  umhos/cm  in  alluvial  holes  G-S  S-7,  G-S  S-ll,  G-S  S-22, 
and  G-S  S-24  since  the  August  sampling  period.  G-S  S-8, 
G-S  S-12,  and  G-S  S-23  showed  an  average  increase  of  130 
umhos/cm  over  the  quarter.  Alluvial  hole  G-S  S-19  showed 
an  increase  of  820  umhos/cm  for  the  sample  collected  in  Novem- 
ber over  the  previous  sample  collected  in  August.  Temperature 
ranged  from  6.0°  C.  at  alluvial  hole  G-S  S-ll  to  9.0°  C.  at 
G-S  S-7.  Over  the  quarter  the  temperatures  were  down  in  all 
alluvial  wells. 

Measurements  of  pH  in  the  alluvial  holes  were  between  6.0 
and  6.8  in  September.  In  November  the  range  dropped  to 
between  6.0  and  6.4.  Over  the  quarter  the  pH  dropped  in  all 
holes  with  the  exception  of  G-S  S-12  where  the  pH  rose. 

Correlation  of  increases  between  field-measured  parameters 
(temperature,  specific  conductance,  pH)  was  not  possible. 
In  part,  this  may  be  due  to  insufficient  data  points.  How- 
ever, the  general  trends  for  this  quarter  reflect  the  expected 
seasonal  nature  of  precipitation  and  temperature.  Increases 
in  water  levels  generally  follow  the  increase  in  precipitation. 
Temperature  increases  reflect  the  seasonal  influence. 

The  water  quality  of  the  alluvial  aquifers  have  remained 
relatively  stable.  Constituents  showing  major  amounts  are: 
Bicarbonate,  magnesium,  silicon  dioxide,  sodium,  total  dis- 
solved solids,  alkalinity,  and  sulfate.  Levels  of  calcium 
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and  magnesium  were  the  only  items  which  showed  noticeable  changes. 
Calcium  levels  were  up  and  magnesium  levels  were  down  in  alluvial 
holes  G-S  S-7,  G-S  S-8,  and  G-S  S-24.  Magnesium  levels  were  up 
and  calcium  levels  were  down  in  G-S  S- 11,  G-S  S-12,  G-S  S-19,  and 
G-S  S-23.  Magnesium  and  calcium  levels  remained  stable  in  G-S  S-22 
Table  1.2-15  and  1.2-16  present  the  summaries  of  the  water  quality 
analyses. 
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TABLE  1.2-14 
DATA  COLLECTION  SCHEDULE  FOR  ALLUVIAL  HOLES 


Monthly 

Water  Levels  Measured 

February,  July,  Novembe 

tr  Plus  Snowmelt-Flash 

Flood 

Seasons 

(April  to  Sept. ) 

Water  Samples  Analyzed 

For: 

Alkalinity 

Dissolved  Solids 

Sil 

ica 

Ammonia 

Fluoride 

Sod 

ium 

Boron 

Iron 

Sulfate 

Bicarbonate 

Magnesium 

Coli 

3r 

Calcium 

Manganese 

Odo 

r 

Carbonate 

Kjeldahl  Nitrogen 

pH 

Chloride 

Nitrate  plus  Nitr 

ite 

Temperature 

Conductance 

Orthophosphate 

Dissolved  Organic 

Dissolved  Phospha 

te 

Carbon 

Potassium 

February,  July,  Novembe 

ir 

Water  Samples  Analyzed 

For: 

DO 

Ba 

Ti 

Cu 

Bromide 

Be 

V 

Pb 

Cyanide 

Bi 

Zr 

Li 

BOD 

Ge 

Al 

Mo 

COD 

Ga 

As 

Hg 

Phenols 

Ni 

Cd 

Se 

Sulfide 

Sr 

Cr 

Se 

Radioactivity 

Sr 
Zn 

Gross  Alpha 

If  >4  pci/1 

then 

RA  226, 

t 

Natural  Uranium 

Gross  Beta 

If  >100  pci/1 

then 

SR90 

Ce137 

July  or  August 

Samples  Analyzed  For: 

Fecal  Col i form 

Total  Col i form 

MBAS 
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TABLE  1.2-15 

SUMMARY  OF  WET  CHEMICAL  ANALYSIS 
ALLUVIAL  AQUIFER 
Values  in  mg/1 
MARCH  1975  THROUGH   NOVEMBER  1976 


1    Items 

Item 

Low 

High 

Average 
472.237 

Ave  raged 
148 

Std.  Dev. 

Alkalinity 

51.000 

1505 

126.640 

Aluminum 

< 

0.100 

1.200 

0.078 

18 

0.282 

Ammonia 

0.030 

6.4 

0.537 

107 

O.883 

Arsenic 

< 

0.010 

<  0.100 

118 

0.001 

barium 

< 

1.000 

<  1.900 

97 

Bicarbonate 

360 

780 

559-763 

148 

100.308 

Boron 

< 

0.010 

27.000 

1.107 

140 

2.738 

Cadmium 

< 

0.010 

<  1.100 

0.029 

118 

0.108 

Calcium 

28.000 

21(0.000 

99.189 

148 

34.892 

Carbonate 

< 

0.010 

605.000 

11.837 

147 

52.280 

Chloride 

1.300 

71.000 

18.017 

148 

9.037 

Chromium 

< 

0.010 

0.200 

'  0.003 

117 

0.035 

Conductivity  (umhos/cm) 

860.000 

2370.000 

is^s.'tso 

134 

359.286 

Copper 

< 

0.010 

8.000 

0.1.53 

118 

0.035 

Cyanide 

< 

0.010 

0.200 

0.003 

119 

0.019 

Dissolved  Sol  ids 

61.0.000 

2090.000 

118!*. 257 

11.8 

290.734 

Fluoride 

< 

0.100 

1.200 

0.331 

147 

0.176 

Gross  Alpha  (pci/1) 

1.400 

31.000 

11.992 

84 

6.759 

Gross  Beta  (pcl/1) 

1.000 

35.000 

13.3<t0 

30 

10.009 

Hardness  (total) 

280.000 

820.000 

599.776 

134 

140.835 

Iron 

< 

0.050 

28.000 

4.9*10 

148 

5.840 

Lead 

0.010 

13.000 

0.328 

117 

1.203 

Magnesium 

3-700 

150.000 

87.527 

148 

36.541 

Manganese 

< 

0.050 

27.000 

2.1.30 

HO 

4.228 

Mercury 

< 

0.001 

<  0.010 

118 

Nickel 

0.010 

0.200 

O.OTt 

96 

0.057 

Nitrate 

< 

0.100 

165.000 

6.1.67 

133 

15.206 

pH 

< 

6.000 

7.200 

6.401 

145 

0.620 

Phosphate 

< 

0.010 

1.600 

O.072 

148 

0.187 

Selenium 

< 

0.010 

<  0.100 

St  1  Icon  Dioxide 

16.000 

It  It.  000 

29.953 

148 

5. 183 

SI  lver 

< 

0.010 

<  0.100 

0.0C7 

95 

0.013 

Sodium 

66.000 

450.000 

189. 000 

148 

60.329 

Sulfate 

1.5.000 

1000.000 

459.257 

148 

158.709 

Zinc 

0.100 

13.000 

0.621 

116 

1.370 

Potassium 

< 

1.000 

16.000 

5-531 

51 

3-970 

Lithium 

< 

0.100 

0.100 

0.009 

22 

0.029 

Total  Organic  Carbon 

2.900 

292.000 

1*5.501 

104 

59.319 

Nitrite  -N 

< 

0.010 

0.150 

6.087 

l.!. 

23.425 

Bromide 

0.100 

0.900 

O.I129 

14 

0.354 

Chemical  Oxygen  De-jnd 

2.500 

85.000 

21.577 

22 

17.866 

Phenols 

< 

0.001 

0.013 

0.002 

22 

0.004 

Kjeldahl  N 

< 

0.100 

8.800 

2.096 

52 

1.907 

Beryl  1 1  urn 

< 

0.020 

2.500 

0.612 

8 

0.884 

Ortho  Phosphate 

< 

0.100 

1.000 

0.050 

46 

0.160 

Ammonia  -H 

< 

0.100 

5.300 

0.533 

30 

1.044 

Dissolved  Organic  Carbon 

2.000 

3.000 

2.125 

8 

0.354 

MBAS 

< 

0.010 

<  0.010 

6 

Total  Coll  form 

< 

10.000 

250.000 

81  .i<29 

7 

91.911 

Fecal  Col  1  from 

< 

10.000 

40.000 

8.571 

7 

15.736 
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TABLE   1.2-16 

SUMMARY  OF  QUALITATIVE  SPECTROGRAPH I C  ANALYSIS 
ALLUVIAL  AQUIFER 
Values  in  mg/1 
MARCH  1975  THROUGH  NOVEMBER  1976 


I  Items 

Item 

Low 

High 

Ave  rage 
0.^53 

Averaged 

119 

StJ.  Oev. 
O.S59 

Aluminum 

0.005 

5.000 

Antimony 



— 



0 



Arsenic 







0 

Barium 

0.001 

0.050 

0.008 

51 

0.013 

Beryl  1  1  urn 

0.001 

0.001 

0.001 

5 

0.000 

Bismuth 

— 

0 

— 

Boron 

0.010 

0.500 

0-352 

119 

0.178 

Cadmium 

— 

— 



0 

— 

Calcium 

10.000 

Major 

10.000 

6 

0.000 

Cerium 

"~ 

... 

0 

— 

- 

Ce  i  i  bill 

0*00  i 

0.301 

0.001 

T 

C.000 

Chromium 

— 

0.020 

0.004 

17 

0.006 

Cobalt 

0.001 

0.001 

0.001 

4 

0.000 

CoIurnU  1  urn 

— 



— 

0 

— 

Copper 

0.001 

0.050 

0.013 

118 

0.014 

Dysprosium 

— 

— 

0 

— 

Erbium 

— 

— 

— 

0 

— 

Europium 

— 

— 

0 

Gadol  in  i  urn 

— 

0 

... 

Cat  1 1  urn 

0.001 

0.010 

0.0011 

6 

0.005 

Ge  rman 1 um 

0.001 

0.001 

0.001 

1 

0.000 

Gold 

— 

— 

— 

0 

— 

Hafnium 

— 

— 

— 

0 

— 

Holmlum 

— 

— 

0 

Indium 

--- 





0 

... 

Iridium 

... 

0 

Iron 

0.001 

5.000 

0.262 

119 

0.728 

Lanthanum 

— 

— 



0 

.Lead 

0.001 

0.500 

0.032 

50 

0.079 

Lithium 

0.001 

0.100 

0.007 

85 

0.015 

Lutetlum 

— 

— 



0 

... 

Manges! um 

5-000 

Major 

2228.111 

9 

4405.680 

Manganese 

0.001 

0.500 

0.066 

104 

0.119 

Mercury 

... 





0 

— 

Molybdenum 

0.001 

0.050 

0.010 

79 

0.01 1* 

Neodymium 

— 

— 

— 

0 



Nickel 

0.001 

0.070 

0.011 

7 

0.026 

Osmium 

— 

— 

— 

0 

— 

Pal ladium 

— 

— 

— 

0 

— 

Platinum 

... 

... 

... 

0 

... 

Potassium 

0.010 

2.000 

0.5V 

119 

0.509 

Praseodymium 

— 



— 

0 

— 

Radium  (pcl/1) 

0.100 

1.200 

0.335 

60 

0.231 

Rhenium 

— 



— 

0 

— 

Rhod  i  um 

— 



— 

0 

— 

Rubidium 

— 



— 

0 

— 

Ruthenium 



— 

0 

... 

Samarium 



— 

0 

Scandium 

— 



— 

0 

... 

Selenium 





... 

0 

... 

Silicon 

2.000 

Major 

4.857 

117 

2.601 

Silver 

— 

0.100 

0.008 

38 

0.022 

. 

Sod  i  um 

1.000 

Major 

6.239 

88 

2.758 

Stront  ium 

0.010 

0.100 

0.105 

116 

0.085 

Tantalum 

— 

.  — 



0 

... 

Terbium 

— 

— 



0 

... 

Thai  1 ium 

— 

— 



0 

... 

Thor  ium 

— 

— 



0 

... 

Thul Ium 







0 



Tin 

0.001 

0.001 

0.001 

15 

0.000 

Ti  tan  ium 

0.001 

1.000 

0.029 

91 

0.118 

Tungsten 

— 

— 

— 

0 

... 

Uranium 

— 

— 

— 

0 



Vanadium 

0.001 

0.020 

0.007 

10 

0.008 

Yt  terbi  um 

0.001 

0.001 

0.001 

5 

0.000 

Yttrium 

0.010 

0.020 

0.010 

5 

0.004 

Zinc 

0.001 

0.020 

0.005 

44 

0.006 

Zi  rconlum 

0.010 

0.010 

0.010 

2 

u.ooo 

Less  than  minimum  detectable  amount 

Major  -  Concentration  too  large  to  quantify  (see  wet  chemical  analysis) 


* 
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Figure  1 ,2-34 
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Figure  1 ,2-35 
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Figure  1 .2-36 
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Figure  1 .2-37 
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Figure  1,2-38 
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Figure  1.2-39 
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Figure  1.2-40 


IAJ  3  \  SOMiAiOaailAJ 


33WtfianoNo;) 


3H  I33d5 


id     '    ag.LW/w      ol      MXdga 


72 


Figure  1 .2-41 
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Figure  1 .2-42 
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Figure  1.2-43 
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Figure  1.2-44 
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Figure  1 .2-45 
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Figure  1.2-46 
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Figure  1.2-47 
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Figure  1,2-48 
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Figure  1,2-49 
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1.2.4  DEEP  AQUIFER  DRILLING  PROGRAM 

The  Deep  Aquifer  Drilling  Program  has  been  previously  described 
in  RBOSP  Progress  Reports  2  and  4,  Hydrologic  Program.  A  summary 
of  the  drilling  program  is  reported  in  RBOSP  Progress  Report  5. 

1.2.5  DEEP  AQUIFER  COMPLETION  PROGRAM 

The  Deep  Aquifer  Completion  Program  is  reported  in  RBOSP  Progress 
Reports  2  and  4,  Hydrologic  Program  Interpretive  Text. 

1.2.6  UPPER  AND  LOWER  AQUIFER  PUMPING  TESTS 

Pumping  Test  Data  can  be  found  in  RBOSP  Progress  Report  3, 
Interpretive  and  Raw  Data  Texts.  Detailed  interpretation  is  con- 
tained in  RBOSP  Progress  Report  4,  Interpretive  Text,  with  basic 
data  found  in  the  associated  Raw  Data  Volume. 
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1.2.7    DEEP  AQUIFER  MONITORING 

The  deep  aquifer  monitoring  program  started  in  December  1974. 
The  program  includes  the  measurement  of  water  levels  and  gather- 
ing of  water  quality  data.  Water  samples  were  collected  monthly 
from  March  through  August  1975.  Thereafter,  water  samples  are 
collected  semiannually.  The  latest  samples  were  collected  in 
November  1976.  Shown  on  Figure  1.2-50  are  the  locations  of  the 
monitor  holes. 

As  per  RBOSP  Approved  Exploratory  Plan,  the  present  monitoring 
program  consists  of  measuring  static  water  levels  on  a  monthly 
basis.  Water  level  data  from  October  1975,  through  November  1976, 
are  included  in  the  Raw  Data  Volume  of  this  report.  Table  1.2-17 
is  a  collection  schedule  for  the  deep  aquifer. 

Water  quality  analyses  of  the  samples  collected  in  November  1976, 
have  been  made  and  are  included  in  the  Raw  Data  Volume  of  this 
report.  Table  1.2-18  and  1.2-19  are  summaries  of  wet  chemical 
analysis  and  spectrographs  analysis  respectively. 

Water  quality  analyses  of  these  samples  show  that  the  water 
quality  of  the  deep  aquifer  has  remained  stable  compared  to 
previous  analyses.  Many  of  the  analyses  continue  to  show 
recovery  from  the  commingling  of  water  through  open  holes  prior 
to  completion.  Anomalous  increases  in  sodium  and  chloride  were 
noted  in  the  upper  aquifer  at  AM-2A  and  high  total  dissolved 
solids  in  the  lower  aquifer.  A  lower  total  dissolved  solids 
value  was  noted  in  both  the  upper  and  lower  aquifers  at  CE  709 
while  a  higher  than  expected  value  of  total  dissolved  solids 
was  noted  at  G-S  M-2  in  the  lower  aquifer.  A  detailed  analysis 
of  water  quality  for  the  deep  aquifers  will  be  reported  in  the  two 
year  Baseline  Report.  Water  quality  results  for  each  deep 
aquifer  monitor  can  be  found  in  the  Raw  Data  Volume  of  this  report. 
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The  measured  water  levels  for  the  upper  aquifer  in  and  around 
Tract  C-a  were  variable.  The  greatest  change,  a  rise  of  5  feet, 
occurred  in  the  upper  aquifer  in  the  area  of  core  hole  CE  709; 
however,  the  water  level  measurement  of  28  August  is  suspect. 
This  measurement  does  not  correspond  with  the  rising  water  level 
trend  indicated  by  the  measurements  taken  before  and  after  that 
date.  A  rise  occurred  generally  in  the  northern  half  of  the 
tract  with  the  exception  of  CE  702  where  a  decline  of  0.64  feet 
occurred.  The  southern  half  of  the  tract  generally  had  a  water 
level  decline,  the  major  decline  being  at  G-S  13  (down  5.68  feet) 
and  AM  3  (down  4.75  feet).  An  exception  to  the  decline  in  the 
southern  half  of  the  tract  is  a  narrow  band  along  the  eastern 
border  and  down  along  the  southeastern  border,  which  had  little 
change  in  the  measured  water  level. 

Water  levels,  as  indicated  by  the  measurements,  are  generally 
declining  in  the  lower  aquifer  with  changes  of  less  than  2  feet. 
An  exception  to  this  is  in  the  area  of  G-S  12  and  G-S  13,  G-S  12 
had  a  decline  of  2.7  feet.  G-S  13  had  a  decline  of  5.5  feet. 
The  overall  trend  was  a  decline  of  approximately  1.5  feet. 
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TABLE  1.2-17 
DATA  COLLECTION  SCHEDULE  FOR  DEEP  AQUIFER 


Monthly 

Water  Levels  Measure 


Semi  Annually 

Water  Sample  Analyzed  For: 

Alkalinity 

Aluminium 

Ammonia 

Arsenic 

Ba 

Be 

Bi 

Bicarbonate 

Br 

B 

Dissolved  Organic 

Carbon 
Calcium 
Carbonate 
Cd 

Chloride 
Cr 
Cu 
Cyanide 


COD 

Na 

Dissolved  Solids 

Sr 

Ge 

Sulfate 

Ga 

Sulfide 

Fluoride 

Ti 

Iron 

V 

Lead 

Zr 

Li 

Zn 

Mg 

Color 

Mn 

Odor 

Hg 

PH 

Mo 

Temperature 

Ni 

Conductance 

Nitrate  plus  Nitrite 

Phenols 

Dissolved  Phosphate 

Potassium 

Se 

Silica 

Radioactivity 

Gross  Alpha 
If  >4  pci/1 
then 
RA  226, 
Natural  Uranium 

Gross  Beta 
If  >100  pci/1 
then 

SR90 
Ce!37 
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TABLE  1.2-19 

SUMMARY  OF  SPECTROGRAPHS  ANALYSIS  MONITORING  PROGRAM 
UPPER  AND  LOWER  AQUIFER 
TRACT  C-a  and  VICINITY 
Values  in  mg/1 
MARCH   1975  to  AUGUST  1976 


.ower  Aqui 

fer 

Upper  Aqui 

fer 

t    1  terns 

Std. 

#  Items 

Std. 

1  tern 

Low 

High 
1.000 

Average 
0.065 

Avg'd. 
101 

Oev. 

Low 

High 
1.000 

Average 
0.114 

Avq'd. 
11*6 

Dev. 

Al uminum 

0.001 

0.122 

0.001 

0.189 

Ant  imony 

0.200 

0.200 

0.200 

1 

0.000 

... 

... 

--- 

0 

--- 

Arsen  ic 



— 



0 

— 

— 

— 

— 

0 



Bar!  urn 

0.001 

0.100 

0.003 

14 

O.OOli 

0.001 

0.010 

0.003 

23 

0.00't 

Beryl  1 lum 

— 

— 



0 

— 

— 

— 

— 

0 

— 

Bi  smuth 

— 

— 



0 

— 

— 

— 

— 

0 

— 

Boron 

0.100 

0.500 

0.359 

99 

0.165 

0.100 

2.000 

0.366 

146 

0.235 

Cadmium 

Major 

Major 

0 

Major 

Major 

0 

C  a  1 c 1 um 

0.100 

Hajor 

5.837 

24 

3.891 

1.000 

Major 

7.882 

17 

3.533 

Cer 1  urn 



— 

0 







— 

0 



Cesl um 

... 



... 

0 







... 

0 

— . 

Chromium 



... 

— 

... 



— 

0 



Cobalt 



— 

0 







— 

0 

— 

Col umbi  um 

... 



0 







— 

0 

— 

Copper 

0.001 

0.020 

0.005 

92 

0.005 

0.001 

0.020 

0.006 

136 

0.005 

Dysprosium 

— 





0 



— 





0 

— 

Erbium 

— 





0 



— 





0 

— 

Europium 

— 

... 

0 



— 





0 

— 

Gadol Inlum 

— 

... 

... 

0 



— 





0 

Gal  1 lum 



0 



— 



... 

0 

... 

Germanium 

Gold 

Hafnium 

— 

... 



0 
0 
0 

... 

... 





0 
0 
0 

— 

... 

... 
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---     Less  than  minimum  detectable  amount 

Hajor  -  Concentrat  \r/\    too  large  to  quantify  (see  wet  chemical  analysis) 


3G 


vO 

ca 


nr 

o 

!;J 

CM 

1 

t— 1 

u_ 

ZD 

• 

rv 

r— 

< 

LU 

re 

_l 

in 

co 

n 

<a. 

Q- 

tf> 

3 

O 

0) 

3 

o 

< 

f0 

u- 

L. 

3 

D 

I_ 

CO 

JO 

J-J 

t> 

c 

r> 

LA 

O 

r^ 

en 

CJ 

r- 

"5 

* 

O 

U 

o 

fl) 

J3 

m 

o 

■M 

u 

o 

. 

CA 
O 

O 

0  0  1 3- 

r^  0  caco 

OON- 
—    CM  -3"   MD 

co  cm  u"\  —  r-»  ca 

vO  vO    CO  CA-3"  -3" 

MD    CO  MD 

CM    1 3- 

O 
vO 

0 

CA 

COj- 

r^-3- 

CJ! 

cm  "I     co 

O 
CO 

co  cm  vo  co 

CM 

CM    CA  CM    LA 

-a-  o~>  p-~  LA 

CM 

CA  CA  LA  CM  CO    CM 

—  co  lo  co  r^  r-~ 

CO  CO  -3"    CO  CO  CM 

0  coco 

CM    CM    — 
VO    CM 

CA 

-3" 

LA 
CO 
CM 

CM    — 
CM   — 

> 

O 

r^. 

CO  co  O  O 

CM  VO    CM    O 
CT\  O  -J"    CM 

CO  p-^  CA  MD  CM  CO 
CM    CO  CA  CO    r—    IA 

LOCO  CO 
CA  CM    LA 

MD 
CM 

-3" 
CA 

O    CM 
CO  CO 

O    3 
co*"' 

ca 
p-. 

co 

CA 

CM 

CO  CM  -3"    CO 
LA  LA-3"    CO 
CM 

■—    CA  CM    IA 

-c-  c/\rvin 

CM 

P-«  CA-3"    —    O    CM 
—  CO  LA  CO  co  r-- 
CO  CO -3-    CO  CO  CM 

CA  —  CO 
—    CM   r— 
vO   CM 

CO 

CA 

-3" 

LA 
CO 
CM 

CM   — 

CM    — 

0) 

1 
1 

CM 

p^ 

0  r-^  coco 

LA  CA-3"  -T 

r^-vo  co  0 

LA  CM    CO  ■ — 

lAOvO    CO  —  vO 

-3-  IA  -3-  co  —  p-* 

O   —    LA -3- 

4-    ONCT 

O  vO    O 

C0  4"   N 

c 
co  ^ 

CM  -J 

00 

CM 

-3"   O  MD  -3" 
LA  LA  -3"    CO 
CM 

CM    CA  CO  LA 

■3  <r»  Nin 

CM 

vC    CA  LA  CM    O  -3" 
—    CO  LA  CO  CO    P"» 
CO  CO  -3"    CO  CO  CM 

CA-3"  CO 

—    CM   — 
VO    CM 

CM 
CA 

-3" 

LA 
CO 
CM 

CM    CO 
CM    — 

CM  2: 

co-j- 

CO  0 

CM   O  —   O 
O  vOCO    O 

vO  vO  vO  N 
CM  CO  CO    CM 

CO  CO   CM  CA  ' —   CA 
O  -3-  -3-   P-.  -3"  MD 

—  MD   CM 

co  co  r>» 

r^LALA  <- 

p-»  p^  coco 

CO 

co 

0 
co 

CO  0-3"    Lf\ 

la  lo-3"  co 

CM 

CO  CA  CM    IA 
-3-    CA  P*»  IA 
CM 

p-»  CA  MD  CM   O  CM 

—  co  loco  co  p-» 

CO  CO  -T    CO  CO  CM 

CA  la  p>» 

—   CM   — 
\0    CM 

CM   LA  CM    CO 

CA  CO  CM    t- 
J-   CM           r- 

_ 

O  O 
in  vd 

O  CM   CM  CO 

VDMNCO 

COCO  CO    IA 
IA  CM    CA  CA 

-T  -3"    UMSNf\ 
CA  ■ —    CA  vD    CACO 

LA  CO  LA 

CO 
CO 

COCO 

CM 
CO 
CO 

co 

cm  0  r>-  -3- 

LA  LA-3-    CO 
CM 

-3"    O    CM  -3- 

CM   — 

O    CTivD-3-    O   CM 
CM   CO  LOCO  CO   p-» 
CO  CO -3"    CO  CO  CM 

lALTlN 
CM    CM   — 
MD    CM 

1 

LA 
CO 
CM 

O    CM 
CM    r- 

CA  fO 
CMS 


P-^  qj 


co  c 

CM    ro 


CM   o 

—    CJ 

o 


o  > 

CM    O 


CA  U 
O 


CA  CA      O  CM  O   O 
—   r-^     CO  CM  CO  LA 


co  r^oo  n 

CM  CO  -3-    CM 


CM  MD   CM   ■ 3"    CA 

-3-  co  p»»  -3-  O  CA 


1 —  vD   I —    LA  «—   CO  p-^ 
P»«  f>»  IA     CM   LA  LA  LA 


COCM  CM  CM  —  LA  vOOCOLA 
CO  CO  LA-3"  LA  CO  -3"  O  P*»  LA 
CO  CM  CM   — 


—  CA  P^.  LA  —  CM  COLACO  CMLAOCM 
CM  CO  LA  CO  CO  P~»  —  CM  --  CA  CO  CM  .— 
COCO-3-COCOCM       MD    CM  -3"   CM  r— 


-3"   -3" 

co  o 


LA-TOCA  CO    P"»    r—     LA 

vOvOCOvO       LACAO-3- 


LA  O   O  -3"    LA  — 
CA  vO  -3"    CM  -3"  -3" 


P^  CO  —    CO  -3*    CO  CO 

P^  CM   CM     OvDOO   N 


-3"  CO 
CO  CO 
CO 


r*»  co 

—    CM 


CM  MO   —    LA 
LA  LA  LA  CO 
CM 


M> 
-3" 
CM 


' 3"    LA 

OMA 


-3"   LA  CO   O       CALAvOO 
vOCMP^-CA      —   CM   CO  LA 


CA  CA  CO  vO  —  CO 
—  CO  LA  CO  CO  P-» 
CO  CO  ^3-    CO  CO  CM 


CA  LA  vO    LA  CM  vO 

CM    P".NLT>PNLn 


CO  CO  CA  Cvl  LA  O  CM 
_  CM  —  CA  CO  CM  r— 
\£>    CM  -d"   CM  •— 


O  -3"  MD    -3"   O   LA  CO 
—   CA  —     O   P-«.  (A  CA 


LA  CO 
CO  CO 
CO 


-3"-  — 


CM   P^  —   LA 
LA  LA  LA  CO 
CM 


CA  —  MD  -3" 
CO  —  CO   — 


vO   CM  -3"  LA 
CM  — 


CA  LA  CA  CM 
LA  CO  CM-  -3- 


CA  CACO  vO  • —  CO 
—  CO  LA  CO  CO  P*» 
CO  CO  ^J-    CO  CO  CM 


CACO  CA  cJ  LAO 
_  cm  —  CA  CO  CM 
vO   CM  j"   CM 


CM 


CO 
CO 


o  r-*.co 

O  CAvO 


LA  CM    VD  -d"   ^-  vO 
r^  CO    LA  CM  -3"   CA 


vO  CO 
CO  CO 
CO 


CO  LA 
vD  -3- 


CM  CO   CA  vO 
LA  LA-3"    CO 
CM 


O  M3   O   CM 

msvoo 


LA  CM  -3"   LA 

4    ONU\ 
CM  — 


Mnr^4- 

CM   P^MA 


vO 
co 


CAvO   — 
LA  CO  OO 

-3-  co  co 


CA  O  *-  LA  O 
CM  CM  CA  CO  CM 
CM  ■*   CM 


CM 


CA  —    P"»  O    CA 

vO  •—  vO  vO   •— 


CO  OO  \D 

—  MD   CA 


LA  «—   tSWO 
CACO  vO   CO 


P>»  CO 
CO  CO 
CO 


IA  P^ 
-3-    LA 


NCOON 
LA  LA  LA  CO 
CM 


0(TlN4- 
-3"   P^CO  CO 


LA  CM  -3"  LA 
-3"  O  P~»  LA 
CM   i— 


CO    CA  LA  CM 

vO-T   OvO 


CM   O    CA  P^  CM 

. 3"    LA  CO  CO 

CO  CO -3"    CO  CO 


CO  LA  LA  O    CM    CO 
-3-    CO  CO  CO  vO    P^ 


_  o  —     »—  LA  O   CO 

CM    CO  CM     CA  CO  CM    r- 
v£)    CM  -3"   CM  1— 


-3"   CM   CA    O  CO  O  MD 
MD    CM   LA    CO   P^  CO    CO 


CA  CO 
CO  CO 
CO 


CM   CACO   CA 
LA  LA  -3"    CO 
CM 


J-    CO  LA  LA 

4-OMA 
CM   — 


—  O  O  CO  CM  -3" 
•—  -3"  MD  OO  CO  r^- 
CO  CO  -3"    CO  CO  CM 


O  —  ^-  *~  LA  *-  CO 
CM  CO  CM  CA  CO  CM  >— 
vO    CM  -3"   CM  «— 


CO  LA 

r— 

CM 

CO 

-d- 

LA 

CM   P^-CO   CA 

1       1 

n 

. — 

CM 

CO   LA 

| 

1 

1 

1 

1 

< 

0000 

—  cm  ^r  vo 

CA 

2: 

2_ 

X. 

X. 

SI 

CM 

CO 

r^  r^  r-.  r-^ 

■ — 

isl 

</>  to  to  to 

OO 

i.n 

U~) 

to 

to  to 

to 

to 

to 

U) 

to     1 

1 

37 

2" 

UJ    LO    Ul    U 

1111 

1 

• 

1 

1 

1         1 

1 

1 

1 

1 

1      O 

(_) 

< 

< 

<_)«_)<_>(_) 

<J3    <J)    C3    (.3 

C3 

0 

C2 

O 

CJ    CJ 

CJ 

<J 

CJ 

0 

CJ    J— 

t— 

to 

o  +-> 
•I—  -I— 

+-»  2 

♦r- 
"O     LO 

C    £ 

O    QJ 

CJ  r— 
-£D 

U    O 

OJ  s- 
-C  ex. 
+J 

CO    Qi 

a>  in 
rd 

s-  o 

o  a» 
o  -Q 
a, 

i- 
o  o 

4-> 

QJ    r—         . 
3     Z3   4-> 

-a  u  c 

•r-  QJ 
XJ  V-  E 
QJ  **-  CL 
4-1  -r-  .,_ 

U  -O    3 

aj        cr 

r—     QJ     QJ 

O    O  T3 
O  JC    C 

fO 

4->    O 

O   4->    QJ 

C         r— 

10    O 

10  to  j^: 

1 —     QJ 

o 
o 

QJ    rtJ 
1—  S- 

CJ1  o 
J-  C  4-> 
QJ  -r-  •!— 
+->  -^     C 

(O   d  o 

3:  e  e 


• 


QJ 

> 


en 

c 


■ 


87 


- 


Q. 
CJ 
CO 


cr 

< 


lo 

r*» 

CT> 

1 — 

i- 

d) 

.a 

E 

CD 

C£ 

> 

1— 

LU 

_J 

O 

CVJ 

U_ 

LU 

2: 

1 

— 

> 

CM 

r> 

LU 

13 

• 

ct 

_1 

j_ 

r— 

< 

sz 

or 

■M 

LU 

a: 

LU 

_J 

UJ 

1- 

vD 

CO 

D_ 

< 

r>. 

< 

O. 

3: 

en 

1- 

ID 

j_ 

(1) 
-Q 

O 
•M 

O 
O 

ro 


-a-  > 
—  o 


O  —       -TOO   (T>-       N  vD    Cn-T 
CM  CO       l^vfl   rr»N      CA  O    LA  . — 


-T   ON    tniAO 
vO-TON-CM 


LACO    lq  -3" 

—  cn  co  co 


-3"    CM 
\0  -3" 


co  -3-     -3-  —  ca  ca     caco  ca  -3- 
r-^  ca     la  la-3-  ca    -3-  ca  r^.  la 

CA  CM  CM 


CA  CA  r-» -3"  -T  CM  CM  — 
—  CA  LA  CO  CO  N  CM  CM 
CA  CA -3"    CA  CA  CM       vO    CM 


r-^  ca     ca  — 

,_   CA       CM   — 
-3"  — 


CM    O 
O 


r^tn     ca  o  caco     vo  mct\m 

CM—        —    CT\  LT\0O        CM    CM    C"\   O 


en  n  ■ —  co  vD  vo 

^f   LA  CA  LA  O    CM 


v£>    LA  VD    CM 
CA  VD    CA  vO 


-cr  la 

LT\CO 


CO  t^  -3"' —  COCA  CA  CO  CM  vO 
r^CA  LA  LA-3"  CA  -3"  CA  P-^  LA 
CA  CM  CM 


CQ   C"\  LA  CA  VO    CM 

r-  ca  la  co  co  r-^ 

CA  rA  -T    CA  CA  CM 


o  n  rsm     ca  o 

CM    CM    —    CA       CM    — 
vO    CM  -3"  — 


CA  LA 

n  r^co   (T>  II  O   —   CM   CA  LA 

<  OOOO       —  CM  -T  vO  CO   CA  —   —   —   —   — 

cm  ca     r->.  r-.  r-.  r-«. 

cocococococooococococo 

'    X        LO    LU    LU    U         I       I       I       I       I       I       I       I       I        I       I 


—    CM    CA  -c- 
I        I        I        I 
2!   2T   2T   2! 

—  CM 

CO    CO    CO    CO  I         I 

I     I     I     I       00 


<Z    <C        O    <_>    O    C_>        UUOOOOOOUCJU        O    O    O    LD 


88 


CO     ^ 
CM    < 


—    O 
LA  LA 


CA  f^  LA  CM 


MD  vO  -3"    CT. 
fOvO   KCC 


LA  —  MD  vO    O   —       CA  MD   r~-  CA 

or — 3-CO-C--3-     r\  r--  ca  cm 


CO  o 
CM    CA 


LA  CA      r 3-r^.fA       CM    CA  LA  CM 

-3"  ' —      -a-! —  OvO       OvOOLA 
MD    C\  LA  CA  —       MD    CM   — 


caco  o  md  ca  ca     —  laoco     md  la 

-    (Tif^lANN       CA  LA-3"   MD        CAMD 
LAfAr-^vOLAcA      COCA—    LA       —   CA 


L-J 

U_ 

r> 
< 

CtZ 

LU 
12 
O 

_J 

LU 

> 
LU 

_J 

on 
ut 

< 

5 

MD 

p-. 

CA 

D1 

< 

Z3 
l_ 
•C 
4J 

LA 

l_. 

0) 

JD. 

0 
*J 
u 
0 

■M 

<u 
0 

CD 
»_ 
to 

■O 

c 

O 

l_ 
O 

O 

> 

0    2 

CA  ~3 
<U 

c 

CA    3 
CM  -> 

—     > 

CM    T3 

2: 

-a-  — 

_  i_ 

o. 
< 

CA  ^ 

CM    f0 

2: 

-Q 

p->»  <D 

—  Li_ 

3D    c 

CM   _f0 

CM    O 

—  <u 
0 

r-^  0 

*      -3"  CO 

LA  CO 
-3"    — 
O    CA 

p-^ 

O   —  -3"    CA 

IMMvO   (N 

-3"    P*v  O  MD 

LACA  — 

O   O   CA  — 
LA  C    LAo 

r—  ca        — 
md  r —       -3- 

—    CM      1      CM 
CD  MD     1      LA 
vO   CM 

MD    CA   CM  CA 

p-*.  r-~  —  cm 

' —    -3"    O  vO    CD   CA 
LA    O  \C    O  CO  v£> 

CO  CO    CA  CA  CM   CM 

-  cnw  mod  N 

LAf^NvO    lAn 

-3"    CA  MD    LA  CO    CA 

—  CO  -3-  -3"  LA  p— 

LA  —   r^. 
CA  CA  VO 

—    LA  O 
CA  LA-3- 
CO   CA  — 

-3"  MD  CO 
CA-3"    r— 

LA 
MD 

LA 
1 

56  135.78 

57  364.64 

CA 

vO   O 
LA  CA 

CO    CA-3"   0 

-?    NOVO 
LA  CA  — 

—           CA  CM 
CO           CO  CO 

—  _    LA  . — 

0  vo  0  in 

MD   CM    — 

-  IAvO  lA 
CA  O  -3"  vO 

CO  O  CO  MD   —   — 
—    CA   CM    LA  CO    P^ 
LA  CA  r —  MD    LA  CA 

vD    CA  CA-3"    O   CA 

in  —  vfl  in  J-  rx 

O   LA  O 
CA  LA-3- 
CO   CA  — 

CA-3"  r^. 
LAMD   cm 

-3"   CA 
CAMD 
■—   CA 

-3"    CA 
LA  CA 

CAMD 

-3-  — 

VO   CA 
MD   CA 

LA     1      CA  O 

4    1    OvO 
CA  — 

-3"   CA  vO   O 

MD    LA  O  vO 

—  —  -3"   O 
O  O    O    LA 
MD   CM   — 

CO   —    O    LA 

LA  CO  -3"  -3" 

r>-\o  r^.  in  0  0 

—    CA  CM    LA  CO    r-» 
LAfANvO    LA  CA 

vO    1"^  CO    CM  vO  -3- 
CA  LA  —    CA  CA  CM 

CA  CA  O 
CM   LA-3- 
CO   CA  — 

CA  CA  CM 

IANO 

1 
1 

CA  CM 
CA  MD 

•—    CA 

—   CA 

CA  CA 

CM 

CM 

1 

CM 

—    LA 
MD   CA 

LA  LA 

■—  MD 

-3"   CM   CA  CA 

4"SO    IA 
LA  CA  — 

-  it\r>-N 

CM   —    CACO 

—    CA  CA  CA 
O   LA  O  -3" 

MD   CM   — 

-3"   CA  CA  — 
MD  -3"  CO    O 

f^-3*    r^.  CA  CO   CA 

—   CA  CM   lANvD 

la  ca  r^  mD  la  ca 

CA  —    lAvO    CA  — 

«—  0  0  ca  ca  r--. 

MD  -3"   LA 
CM    LA  -3" 
CO    CA  — 

-3"    0-3" 
CO    UJvO 

1 
1 

in 

m 

CM    O 
CAMD 
—   CA 

co  — 
r--  0 

UJ 
_J 
CO 

■ 3" 

-3"  — 
\0   CA 

—    CA 

-3"   CM    CM  CO 
LA  CA  — 

—  -3*   CM    CA 
-3"   O   CM  vO 

—   CA  CM    CA 
O   LA  O   -3" 
vO   CM    — 

O    CM    LA  CM 
r^  CA  CA  — 

r^-3-  MD   CA  CO  CO 

-   CTiN   lAI^O 
lAMNvfl    LA  CA 

CM  MD    CA  O  -3"  -3" 
CM    O    LA  CA  CA\0 

in  «^j-  ca  0 

CM    LO  CA  vO 
CO    CO  —    LA 

CO   CA  CA  LA 

-vOvOvO 

CA  vO 

—  CA 

—  in 

CO   CA 

O    CA 

-3-  — 

v£>    CA 

• 3- 

r-^  ca 

CA  —   —  CO 

4-NOIA 
LA  CA  — 

O  t 3"    CM 

O  vO  CO  vO 

—  CO   —  CO 
O   LA  O  -3- 
vO   CM   — 

CA  CA  P^  CM 

-OWN 

MD    MIAN   NN 

—  CA  CM   LA  f^  vO 
LA   CA  r^vO    LA  CA 

OvO  -  NCOOO 

—  f~^  LA  CA  O   CM 

LA-3-    CA  LA 
CM  LA  CAmD 
CO  CA  —  in 

r>--3"  -3"    CM 
CO   —    CA  CA 

O   CA 
CA  LA 

—  CA 

—  CM 

-3"  MD 

CA  CA 
CA  — 
MD    CA 

CO  VO 

O   LA 

ca  0  0  r^ 
-3-  r^  0  la 

LA  CA  — 

LA  —   f->.  CM 
CM   CM   CM    CA 

CM  CO  O  r^ 

O    LA  O  -3" 
MD    CM   — 

CA  1 —   CA  VO 

-\OOCM 

\o  cm  la  —  1 — r»» 

—    CA  CM   LA  r*-  MD 

m  (ANvO    LA  CA 

CO           MD  CO  vO  -3- 
VO           CA  O   CA  vO 

-3"   LA  O    LA 
CM   LA-3"  MD 

co  ca  —  in 

4-IAIA 
-3-   CM    CA 

f     -3-   CA  CA 
LA  CAMD 

CA  —    LA 

O    CA 
CA  LA 
—    CA 

t^-  — 

r-»  ca 

CO  — 
CA  — 
vD   CA 

—   CA  CA-3- 

-3"  vO   CA  LA 

LA  CM   — 

CM  vO   CD  vO 
O   LA  O  -3- 
vO   CM   — 

-T      !      CA  O    LA  LA 
—      '      CM   LA  r^-MD 
LA            t~^  vO    LA  CA 

CO  00 

CM   LA 
—    CA 

0  £ 

CM     O 


CA    L> 
O 


r»»  cm     cm  r-^  CA  in 


cAco  in  co 

-3"    CA  LA  CO 


—  —  CM  MD  co  r-^ 
CACO   o   f^  CA  CM 


r—     CA    f-^CO 

vO   O  vO    LA 


O   CA 

-3-  CO 


r^*—  _  CO  CO  LA  CMLACALA 
CA—  -3-vOCALA  OLACA-3- 
vO    CA  LA  CM  —      vO    CM 


r-^o 

MD  -3- 


00  —  CO  — 
-3"    LA  CO    CA 


LA  CM   —  vO 
MD   CA  CA  O 


-3"  O  CA  CA -3"  LA 
■ —  0">  CN  -3"  r^»  vO 
LA   CA  r^MD    LA  CA 


LA  CAMD   CA  CM   CA 
CM  MD    I~^  r^CO   CA 


-3-  LA  O  CA 
CM  LA-3-  MD 
CO    CA  —    LA 


O  MD   CA  O 
CM   CACO    LA 


CO  r-» 

CM   LA 
—    CA 


—  CO 
CM  MD 


voo     or-^r-»-3-     CM-3-CO-3- 

CA—      -3-MDCALA       OLACA-3- 
vO   CA  LA  CM  —       vO   CM 


CA  CA  • —  CA  CA  CA 
1 —  CO  CM  -3-  P""*  MD 
LA  CA  r^~  \0    LA  CA 


CM  ^T  CA  CM 
CM  LA  CAMD 
CO    CA  —    LA 


P>.  \D 

CM    LA 
—    CA 


CM  r-»co  CA 
<  0000 

cm  ca     r^«  r^  r-^  1 — 


<  < 


LU    UJ     LU     UJ 
O   O    CD    LJ 


ca  in 
I     I 

—    CM  -T   SO 
CO    l/>    </)    LO 

I     I     I      I 

CJ    O    O    C3 


O   • —    CM  CA  LA 

CA  —    —    —  —   — 

(/)(/)(/)(/)  VI   w 

I      I      I      I      I      I 

u  o  a  o  u  o 


CM  CA_3- 
I       I       I 


OO    LO    CO    LO 
lilt 

o  d  (J  u 


—    CM 
I        I 
O   O 


to 

c 

xz 

0 

•*-> 

•r~ 

•r— 

4-> 

3: 

•r- 

-O 

CO 

C 

fc 

O 

cu 

O 

X) 

S- 

0 

QJ 

J- 

J= 

a. 

+-> 

rd 

<u 

<U 

to 

3: 

3 

S- 

0 

0 

cu 

0 

JQ 

CD- 

S- 

CD 

0 

4-> 

-M 

Q) 

r— 

• 

ZJ 

3 

4-> 

-a 

O 

C 

•r— 

«1) 

-0 

M- 

f^- 

cu 

v>- 

Q. 

■*-> 

•r— 

•C" 

0 

-a 

Z3 

a» 

cr 

r— 

cu 

O) 

r— 

r— 

O 

O  -O 

u 

-C 

c 
fd 

4J 

O 

O 

4-> 

cu 

C 

r- • 

IO 

O 

CO 

to 

XZ 

r— 

CU 

CO 

O 

en 

> 

O 

c 

cu 

m 

•r- 

r— 

S- 

CD 

O 

S- 

c 

4-> 

CJ 

•1— 

-r- 

+-> 

Ji^ 

C 

ro 

rd 

O 

•3. 

i£ 

fcr 

1 

1 

89 


09  -2 "  L  3Jn6t.j 


16 


T 


-v 


o 


•e 


OO     N3     1- 


CO 


pa 

CD 

CO 

•  o 

1 — 

C3    CO 

J> 

rn    3C 

z 

m    5>« 

— H 

CO 

-O    I — 

ZXJ 

CD 

3E   <=> 

3> 

CD 

3B 

CD 

1 — 

—  a: 

— H 

GO 

CD 

zr. 

— i 

CD 

3> 
l — 

-*-     CD 

4=5   =o 

s^> 

m 

°°     CD 

~o 

ZO 

m 

CD 

CO 

CO 


CD 


V 


s 


\ 


\ 


So 


•  CC1 


:. 


06 


—|—4       CD    CD    CD    CD 
O    O         I       I       t       I 

fO    — 

3  2  2  :x 
tiii 


OCDCDCDCDCDCDCDOCDCD 

I      I      I      I      I      I      I      I      I      I      I 

(/)(/)(/)(/)(/H/l(/ICflWW(/) 
VD   C»  CT>  Jr-  NJ  — 


o  o  o  o      J>  3> 


U1W   N    -O 


I     I 


^j  ^j  ^j  ^-J 
o  o  o  o 

U>  COvl  N 


> 


( 


OJ    — 

ON  lO 

OS  "-J 

Ul   -W    CO 

on  -t-un  t-o 
co  — •  \jn  co 

vjo  vn  cr>"vi  w  ui 
-^i  co  v_n  vjo  vx>  ro 
-t-  -C-VX)   —  VX>   O 

— ■    N3    ON 

vj-i  o  on  o 

VjJ  ^J    -C 1 

-WUl 
Jr-OOUl    CO 

VjO    ON 

to   Jr- 
O  -J 

O 

o 
rt 

o 

< 

K> 

28     137. 
39     366 

*^J  -c-\_n  on 

VO  U1    hO  U1 

\_n  —  \-o  co 

VX>  VvO  VjO    .t- 

w  i-  to  jr«vj  oo 
4r-  ON  v/i  ro  —  -^1 

oo  v_n  c^vj  wvn 
^-j  com  wvo  ro 
jr-  .t-  vx>  —  ON  — ' 

co  co  -t-vx> 
—  4r-  on  jr- 

—   M    ON 

vn  o  on  o 
on  vji  jr-  ro 

to  v_n  ^J  vx) 

<r»vnsi  co 

— *  VjO  VJ1 

C^OsI   ^ 
-C-  VX)   ON  vx> 

vn  — ■ 

V>J    ON 

— •  -c- 

CO->J 

CO  ON 

ON    — 

\_n  O  co  on 

OvJUlO 

covx>   ON  VX)  VX)  — 
—   -   N)   CJ\>sJ  vl 

— ■  — ■  CO  o 
VX)  VX>  VX)    M 

ON  O    to   — « 
--J  VX)    to    CO 

CO  -C- 
NJ  VX) 

-c- 

> 

-1 


O 

O 

00 

rt 

(D 

O 

—j 

CT 

o 

n> 

£ 

-s 

CD 

_. 

-J 

VX> 

o 

~-J 

C 

ON 

3 

Q. 

rt 

3" 

CO 

"1 

C 

C 

-s 

-h 

;?• 

OJ 

o 

o 

< 

(D 

CD 

3 

■*~^ 

cr 

-h 

fD 

rt 

~i 



i 

VQ 

•»J 

CD 

rt        73 


r— 

H 

o 

> 

s: 

□0 

m 

I- 

73 

m 

> 

— 

(O 

• 

cr 

ro 

•n 

PO 

m 

CO 

2 
D 
■< 


C 


> 

rj 


CO 

n> 

X) 


1 


V*m*mHm  — —  W  f 


— — — — — — Wjjgj 


UPPER  AQUIFER 

PIEZOMETRIC  LEVELS   (ft.) 

NOVEMBER  14,    1976 


L.EQE3NSO 


TS=IACT    OUTI.JNE 

Dma    hous 

CONTOUP    INTBBVAL    50  FEET 


3 


«t»  i  ■■lain  ir»»i- "■  r  i- 


92 


WRIGHT  WATER  ENGINEERS.  !NC. 

ENGINEERING   CONSULTANT* 

X-ttO  ALCOTT  •T*«*T 

DENVER,  COUO»*DO  •<>»»» 

(SOS)     4»»-»IOI 


Figure  1  .2-51 


IU«— ■■ 


LOWER  AQUIFER 
PIEZOMETRIC  LEVELS 
NOVEMBER  14,  1976 


LEGEND 


TRACT     OUTLINE 

DRILL       HOLES 

CONTOUR    INTERVAL    3  FEET 


BCALS:   1"=3QOO' 


WRIGHT  WATER   ENGINEERS.  INC. 

ENQINEE«INO   CONSULTANTS 

I4JO  ALCOTT  STREET 

DENVER.  COLORADO  »OHI 

003)     4BB-6aOI 


lt»«wfin~"~~'  "  '  — — 


Figure  1 .2-52 


93 


UPPER  AQUIFER 
CHANGE  IN  WATER  LEVEL 
AUGUST  27  -  NOVEMBER  14,  1976 


-3'  .2 

LEGEND 

!*B     TRACT    OUTLINE 
\       DRILL     HOLES 

CONTOUR    INTERVAL     1  FOOT 


3CALEI   r'3  30001 


M«M 


WRIGHT  WATER  ENGINEERS.  INC£ 

ENOINKXAINO   CONSULTANT* 

14JO  ALCOTT  1THWT 

CWVW,  COLOMADO  MRU 

OOJ)      4«*.»»OI 


94 


Figure  1 .2-53 
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Figure  1.2-54 
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1.2.8     HYDROLQGIC  PROGRAM  SUMMARY 

The  following  is  a  summary  of  the  hydrologic  studies  related  to  Tract 
C-a  monitoring  during  the  quarter  from  September  through  November  1976. 
The  summary  covers  three  main  categories:  surface  water,  alluvial 
aquifers,  and  deep  aquifers. 

1.2.8.1   SURFACE  WATER 

Of  the  eleven  stream  gaging  stations,  seven  stations  did  not  record 
measurable  discharge.  These  seven  stations  are  located  on  Dry  Fork 
near  west  line  Tract  C-a,  Box  Elder  Gulch  near  west  line  Tract  C-a, 
Stake  Springs  Draw  near  the  confluence  with  Corral  Gulch,  "Rinky  Dink" 
Gulch  near  east  line  Tract  C-a,  upper  Big  Duck  Creek  north  of  84  Mesa, 
lower  Big  Duck  Creek  north  of  84  Mesa,  and  the  tributary  to  Yellow 
Creek  east  of  84  Mesa.  Continuous  flow  for  the  reporting  period  was 
measured  at  Corral  Gulch  near  west  line  Tract  C-a,  Corral  Gulch  east 
of  Tract  C-a,  Yellow  Creek  near  White  River,  Colorado,  and  Corral 
Gulch  south  of  84  Mesa. 

New  chemical  analyses  have  been  reported  for  the  stations:  Corral 
Gulch  near  west  line  Tract  C-a,  Box  Elder  Gulch  near  west  line  Tract 
C-a,  Corral  Gulch  south  of  84  Mesa,  and  Yellow  Creek  near  White  River, 
Colorado.  In  general,  Yellow  Creek  continues  to  show  the  highest  con- 
centrations of  many  constituents.  Box  Elder  Gulch  station  near  west 
line  Tract  C-a,  generally  has  the  lowest  concentrations  of  the  stations 
Certain  constituents  show  substantial  expected  variation  within  the 
reporting  period  for  each  station.  These  constituents  are  aluminum, 
ammonia,  kjedahl  nitrogen,  ammonia  nitrogen,  organic  carbon,  and  phos- 
phate. Constituents  that  show  fairly  similar  values  over  the  five 
stations  are  arsenic,  dissolved  oxygen,  fluoride,  and  lithium. 
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Mean  conductivity  is  reported  for  five  surface  gaging  stations.  Mean 
conductivity  reported  for  Corral  Gulch  near  west  line  Tract  C-a  was        <, 
generally  stable  with  a  mean  value  of  1,005  umhos/cm.  Box  Elder  Gulch 
near  west  line  Tract  C-a  had  limited  flow  resulting  in  insufficient 
data  for  analysis.  Mean  conductivity  at  Corral  Gulch  east  of  Tract 
C-a  ranged  from  1 ,000  umhos  to  1 ,400  umhos/cm  for  01  August  through 
12  October  and  then  dropped  to  a  range  of  800  to  700  umhos/cm.  Mean 
conductivity  for  Corral  Gulch  south  of  84  Mesa  averages  1,760  umhos/cm 
for  the  reported  period.  Widely  fluctuating  values  occurred  at  Yellow 
Creek  near  White  River,  Colorado  averaging  4,050  umhos/cm. 

Daily  mean  temperatures  were  collected  for  four  of  the  perennial 
stream  gaging  stations:  Corral  Gulch  near  west  line  Tract  C-a,  Corral 
Gulch  east  of  Tract  C-a,  Corral  Gulch  south  of  84  Mesa,  and  Yellow 
Creek  near  White  River,  Colorado.  The  general  mean  temperature  shows 
a  seasonal  cooling  trend  as  temperatures  drop  from  the  mid-summer  high 
temperatures. 

Values  for  instantaneous  boron  and  fluoride  for  stations:  Box  Elder 
Gulch  near  west  line  Tract  C-a,  Corral  Gulch  near  west  line  Tract  C-a, 
Corral  Gulch  east  of  Tract  C-a,  Corral  Gulch  south  of  84  Mesa,  and 
Yellow  Creek  near  White  River,  Colorado,  have  remained  relatively 
stable  except  for  fluoride  at  the  station  on  Yellow  Creek  near  White 
River,  Colorado.  Fluoride  levels  at  Yellow  Creek  have  been  steadily 
rising,  reaching  3.0  mg/1  in  August.  Boron  levels  at  Yellow  Creek 
were  relatively  stable  ranging  from  0.50  mg/1  to  0.86  mg/1. 

New  recording-type  precipitation  data  from  near  Cathedral  Bluffs,  Stake 
Springs  Draw,  and  Yellow  Creek  indicate  widespread  rainfall  events 
across  the  tract.  Rainfall  events  occurred  concurrently  at  all  three 
recording-type  precipitation  gages  six  out  of  thirteen  days  that  re- 
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ported  precipitation;  four  of  the  remaining  days  precipitation 
occurred,  two  of  the  stations  concurrently  reported  precipitation. 
Precipitation  for  all  stations  for  days  when  rainfall  occurred 
averaged  0.13  inches  per  day.  Storage-type  precipitation  gages 
from  Dry  Fork  Gulch,  Box  Elder  Gulch,  and  Corral  Gulch  generally 
correlate  with  recording-type  gages  for  relative  amounts  of 
precipitation  over  the  same  time  period. 

1.2.8.2   ALLUVIAL  AQUIFER 

The  alluvial  holes  which  encountered  water  were:  G-S  S-7,  G-S 

S-8,  G-S  S-ll,  G-S  S-12,  G-S  S-19,  G-S  S-22,  G-S  S-23,  and  G-S  S-24. 

During  the  quarter,  the  average  water  level  declined  in  the  alluvial 
holes  by  0.91  feet.  Alluvial  holes  G-S  S-8  and  G-S  S-23  showed  a 
downward  trend  over  the  quarter.  G-S  S-7  declined  in  September 
and  rose  in  November.  A  rise  in  September  and  a  decline  in  November 
occurred  in  alluvial  holes  G-S  S-ll  and  G-S  S-12.  G-S  S-19,  since 
the  August  water  level  measurement,  showed  a  rise  in  November. 
Alluvial  hole  G-S  S-22  showed  no  relative  change  through  the  quarter. 

Field  measurements  of  conductivity  showed  an  average  decrease  of 
80  umhos/cm  in  alluvial  holes  G-S  S-7,  G-S  S-ll,  G-S  S-22,  and 
G-S  S-24  since  the  August  sampling  period.  G-S  S-8,  G-S  S-12,  and 
G-S  S-23  showed  an  average  increase  of  130  umhos/cm  over  the  quarter. 
Alluvial  hole  G-S  S-19  showed  an  increase  of  820  umhos/cm  for  the 
sample  collected  in  November  over  the  previous  sample  collected 
in  August.  Temperature  ranged  from  6.0  at  alluvial  hole  G-S  S-ll 
to  9.0°C  at  G-S  S-7.  Over  the  quarter  the  temperatures  were  down 
in  all  alluvial  wells. 

Measurements  of  pH  in  the  alluvial  holes  were  between  6.0  and  6.8 

in  September.  In  November,  the  range  dropped  to  between  6.0  and 

6.4.  Over  the  quarter,  the  pH  dropped  in  all  holes  with  the  excep- 
tion of  G-S  S-12  where  the  pH  rose. 
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The  water  quality  of  the  alluvial  aquifers  have  remained 
relatively  stable.  Constituents  showing  major  amounts  are: 
bicarbonate,  magnesium,  silicon  dioxide,  sodium,  total  dis- 
solved solids,  alkalinity,  and  sulfate.  Levels  of  calcium 
and  magnesium  were  the  only  items  which  showed  noticeable 
changes.  Calcium  levels  were  up  and  magnesium  levels  were 
down  in  alluvial  holes  G-S  S-7,  G-S  S-8,  and  G-S  S-24.  Mag- 
nesium levels  were  up  and  calcium  levels  were  down  in  G-S 
S-ll ,  G-S  S-12,  G-S  S-19,  and  G-S  S-23.  Magnesium  and  calcium 
levels  remained  stable  in  G-S  S-22. 

1.2.8.3   DEEP  AQUIFER  MONITORING 

Water  samples  are  collected  semiannually  from  deep  monitoring 
holes.  The  latest  samples  were  collected  in  November  1976. 

Water  quality  analysis  of  these  samples  show  that  the  water 
quality  of  the  deep  aquifer  has  remained  stable  compared  to 
previous  analyses.  Many  of  the  analyses  continue  to  show 
recovery  from  the  commingling  of  water  through  open  holes  prior 
to  completion.  Anamolous  increases  in  sodium  and  chloride  were 
noted  in  the  upper  aquifer  at  AM-2A  and  higher  total  dissolved 
solids  in  the  lower  aquifer.  A  lower  total  dissolved  solids 
value  was  noted  in  the  upper  aquifer  at  CE  709  while  a  higher 
than  expected  value  of  total  dissolved  solids  was  noted  at  G-S 
M-2  in  the  lower  aquifer. 

The  measured  water  levels  for  the  upper  aquifer  in  and  around 
Tract  C-a  were  variable.  The  greatest  change,  a  rise  of  5  feet, 
occurred  in  the  upper  aquifer  in  the  area  of  core  hole  CE  709, 
however,  the  water  level  measurement  of  28  August  is  suspect. 
This  measurement  does  not  correspond  with  the  rising  water  level 
trend  indicated  by  the  measurements  taken  before  and  after  that 
date.  A  rise  occurred  generally  in  the  northern  half  of  the 
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tract  with  the  exception  of  CE  702  where  a  decline  of  0.64  feet 
occurred.  The  southern  half  of  the  tract  generally  had  a  water 
level  decline,  the  major  decline  being  at  G-S  13  (down  5.68  feet) 
and  AM  3  (down  4.75  feet).  An  exception  to  the  decline  in  the 
southern  half  of  the  tract  is  a  narrow  band  along  the  eastern 
border  and  down  along  the  southeastern  border,  which  had  little 
change  in  the  measured  water  level. 

Water  levels,  as  indicated  by  the  measurements,  are  generally 
declining  in  the  lower  aquifer  with  changes  of  less  than  2  feet. 
An  exception  to  this  is  in  the  area  of  G-S  12  and  G-S  13.  G-S  12 
had  a  decline  of  2.7  feet.  G-S  13  had  a  decline  of  5.5  feet.  The 
overall  trend  was  a  decline  of  approximately  1.5  feet. 
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ALLUVIAL  AQUIFERS 
SECTION  1.2.3 


WET  CHEMICAL  AND  SPECTROGRAPHIC  ANALYSES,  ALLUVIAL  TEST  HOLES 


► 


. 


~ 


EXPLANATION  --  WATER  QUALITY  COMPUTER  OUTPUT  SHEETS 


1.   Code  Hole  Description  Data 
Job  #    7^1-^0 

Assigned  project  number  for  Rio  Blanco  Oil  Shale  Project 

by  Wright  Water  Engineers,  I nc 
X  =  Distance  in  feet,  north  of  baseline  7200  feet 

Datum  of  the  Colorado  State  Coordinate  System 
Y  =  Distance,  in  feet,  east  of  the  baseline  7200  foot 

Datum  of  the  Colorado  State  Coordinate  System 
Z  =  Elevation  in  feet  above  sea  of  the  core  hole  at  ground  surface 

Date  Drill  Compl . 

The  date  when  drilling  was  completed  on  the  Core  Hole. 

Conv.  to  Moni  tor 

Date  the  Core  Hole  was  converted  to  a  Monitor  Hole. 

Aqui  fer  1 : 

Depth  in  feet  to  the  top  and  bottom  of  the  upper  aquifer  from  G.L. 

Aquifer  2: 

Depth  in  feet  to  the  top  and  bottom  of  the  lower  aquifer  from  G.C. 


2.   Sample  Description  Data 

Date 

Date  water  sample  was  collected, 

Depth 


Depth  for  Method  1 
Depth  for  Method  2 
Depth  for  Method  3 


depth  sample  was  collected  during  drilling, 
depth  sample  was  collected  during  pumping  test, 
the  static  water  level  of  the  hole  when  sampled. 


Temp. 


Field  temperature  of  sample  (  F) 

Lab  Num. 

Designation  number  assigned  by  the  analyzing  laboratory 


- 


- 


~ 


Pagp  2 


Method 

0.  Drilling  soap  sample 

1.  Drilling  program  sample 

2.  Pumping  test  program  sample 

3.  Monitoring  program  sample 

3A.   Monitoring  program  sample,  not  representative  of  aquifer  conditions 
Aquif.  Loc, 

U   Sample  from  upper  aquifer  during  drilling,  pumping  or  monitoring 

L   Sample  from  lower  aquifer  during  pumping  test  or  monitoring 

C   Sample  combination  of  upper  and  lower  aquifer  during  drilling 

A   Sample  from  alluvial  aquifer 
Wet  --  Wet  Chemical  Analysis 
Values  are  in  milligrams  per  liter,  except  for: 

Gross  Alpha--  picocuries  per  liter 

Gross  Beta  --  picocuries  per  liter 

pH        --  standard  pH  values 

Conductance--  micromhos  per  centimeter 

Negative  values  indicate  less  than  minimum  detectable  limit  indicated 

0.0  value  -  constituent  not  tested  for 

-.':-.•;**      -  not  analyzed  for  using  wet  chemical  analysis 

Spectrographs  -  spectrographs  analysis  of  67  elements 

All  values  are    in  milligrams  per  liter 

0.0  means  less  than  minimum  detectable  amount 

99993-000  means  major  amount 

*****    is  used  in  Water  Quality  Analysis  Summary  to  indicate  an  element 
has  not  been  analyzed  above  the  minimum  detectable  limit 
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UPPER  AND  LOWER  AQUIFER  MONITORING 
SECTION  1.2.7 


WET  CHEMICAL  AND  SPECTROGRAPHIC  ANALYSES,  UPPER  AND  LOWER  AQUIFER 
WATER  LEVEL  DATA,  UPPER  AND  LOWER  AQUIFERS 


> 


EXPLANATION  --  WATER  QUALITY  COMPUTER  OUTPUT  SHEETS 


1.   Code  Hole  Description  Data 
Job  #    7^1 -40 

Assigned  project  number  for  Rio  Blanco  Oil  Shale  Project 

by  Wright  Water  Engineers,  I nc 
X  =  Distance  in  feet,  north  of  baseline  7200  feet 

Datum  of  the  Colorado  State  Coordinate  System 
Y  =  Distance,  in  feet,  east  of  the  baseline  7200  foot 

Datum  of  the  Colorado  State  Coordinate  System 
Z  =  Elevation  in  feet  above  sea  of  the  core  hole  at  ground  surface 

Date  Dri 1 1  Compl . 

The  date  when  drilling  was  completed  on  the  Core  Hole. 

Conv.  to  Monitor 

Date  the  Core  Hole  was  converted  to  a  Monitor  Hole. 

Aqui  fer  1 : 

Depth  in  feet  to  the  top  and  bottom  of  the  upper  aquifer  from  G.L. 

Aquifer  2: 

Depth  in  feet  to  the  top  and  bottom  of  the  lower  aquifer  from  G.C. 


2.   Sample  Description  Data 
Date 


Date  water  sample  was  collected. 


Depth 


Depth  for  Method  1 
Depth  for  Method  2 
Depth  for  Method  3 


depth  sample  was  collected  during  drilling, 
depth  sample  was  collected  during  pumping  test, 
the  static  water  level  of  the  hole  when  sampled. 


Temp. 


Field  temperature  of  sample  (  F) 

Lab  Num. 

Designation  number  assigned  by  the  analyzing  laboratory 


Pagr  2 


Method 

0.  Drilling  soap  sample 

1.  Drilling  program  sample 

2.  Pumping  test  program  sample 
3-   Monitoring  program  sample 

3A.   Monitoring  program  sample,  not  representative  of  aquifer  conditions 
Aquif.  Loc, 

U   Sample  from  upper  aquifer  during  drilling,  pumping  or  monitoring 

L   Sample  from  lower  aquifer  during  pumping  test  or  monitoring 

C   Sample  combination  of  upper  and  lower  aquifer  during  drilling 

A   Sample  from  alluvial  aquifer 
3.   Wet  --  Wet  Chemical  Analysis 

Values  are  in  milligrams  per  liter,  except  for: 

Gross  Alpha--  picocuries  per  liter 

Gross  Beta  --  picocuries  per  liter 

pH        --  standard  pH  values 

Conductance--  micromhos  per  centimeter 

Negative  values  indicate  less  than  minimum  detectable  limit  indicated 

0.0  value  -  constituent  not  tested  for 

****      -  not  analyzed  for  using  wet  chemical  analysis 

h.      Spectrographs  -  spectrographic  analysis  of  67  elements 

All  values  are  in  milligrams  per  liter 

0.0  means  less  than  minimum  detectable  amount 

99993-000  means  major  amount 

*****    is  used  in  Water  Quality  Analysis  Summary  to  indicate  an  element 
has  not  been  analyzed  above  the  minimum  detectable  limit 
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